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SECTION 1 - INTRODUCTION
This Fishing Creek Flooding Assessment and Mitigation Study is the product of a comprehensive
effort to identify flooding and wet weather issues within the Columbia County portion of the Fishing
Creek Watershed and to investigate the mitigation options available from the site to watershed
scale. The intent of this document is to present the findings of the study and provide a framework
to identify potential mitigation projects to be implemented by the County and its Municipalities.
Generally, the study was undertaken to develop recommendations for improved stormwater and
flood management practices, to mitigate potential negative impacts by future land uses, and to
improve conditions within County’s portion of the Watershed.  This section introduces some basic
concepts relating the physical elements of stormwater and flood management, the hydrologic
concepts, and the planning approach used throughout this study. Specific goals of this Study are
discussed in detail in Section 2.

The Study was initiated by Columbia County to address problem areas throughout the Fishing
Creek Watershed caused by intense rainfall, local and watershed-wide flooding events that occur
as frequently as several times per year through less frequent large events such as tropical storms.
Herbert, Rowland, and Grubic, Inc. (HRG) was selected to perform the study and identify feasible,
actionable projects to assist in mitigating adverse impacts of wet weather and flooding events.

The study scope included field reconnaissance, technical analysis, flood hazard mitigation
strategy development, public and municipal participation and outreach, and technical report
development and presentation. Inherent to the project was developing an understanding of the
desire and capacity of the County, its municipalities, residents, and landowners to implement
solutions that target flood mitigation at the local level while mitigating flooding conditions at the
watershed scale.

RAINFALL AND STORMWATER RUNOFF
Precipitation that falls on a natural landscape flows through a complex system of vegetation, soil,
groundwater, surface waterways, and other elements as it moves through the hydrologic cycle.
Natural events have shaped these components over time to create a system that can efficiently
handle stormwater through evaporation, infiltration, and runoff.   The natural system often sustains
a dynamic equilibrium, where this hydrologic system evolves due to various ranges of flow,
sediment movement, temperature, and other variables. Alterations to the natural landscape
change the way the system responds to precipitation events.  These changes often involve stream
channel and floodplain encroachment, which results in increased stream velocities and negative
environmental responses such as accelerated erosion, greater or more frequent flooding,
increased pollution, and degradation of surface waters.  Further, increases in impervious surfaces
and limited land conservation techniques result in the stormwater runoff increases to both runoff
quantity, or volume, and runoff rate.  These two factors, land surface changes and stream channel
modification, cause the natural system to change beyond its natural dynamic equilibrium.

Some level of stormwater runoff occurs as the ground surface becomes saturated.  This occurs
even in undisturbed watersheds.  However, the volume and rate of runoff are substantially
increased as earth disturbance and stream channel encroachment occur.  Stormwater
management is a general term for practices used to reduce the impacts of this accelerated
stormwater runoff.  Stormwater management practices such as detention ponds and infiltration
areas are designed to mitigate the negative impacts of increased runoff.

As land surface disturbance has increased, so has the problem of managing the increased
quantity of stormwater runoff.  Individual land surface disturbance projects are frequently viewed
as separate incidents, and not necessarily as an interconnected hydrologic and hydraulic system.
This school of thought is exacerbated when the individual land development projects are
scattered throughout a watershed (and in many different municipalities).  However, it is has been
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observed, and verified, that the cumulative nature of individual land surface changes
dramatically influences flooding conditions.  This cumulative effect of development in some areas
has resulted in flooding of both small and large streams, with substantial financial property
damage and risk to the public health and welfare.  Therefore, given the distributed and
cumulative nature of the land alteration process, a comprehensive (i.e., watershed-level)
approach must be taken if a reasonable and practical management and implementation
approach is to be successful.

Watersheds are an interconnected network in which changes to any portion of the watershed
carry throughout the system.  There are a variety of factors that influence how runoff from a
particular site will affect the overall watershed.  Many of the techniques for managing stormwater
within a watershed are unique to each watershed.  An effective flood mitigation study must be
responsive to the existing characteristics of the watershed and recognize potential changing
conditions.  While land use regulation remains at the municipal level, the framework established
within a watershed study enables municipalities to see the impact of land use management on
the overall system, and hopefully spur coordination efforts with other stakeholders within the
watershed.

WATERSHED HYDROLOGY
Under natural conditions, watershed hydrology is in dynamic equilibrium.  That is, the watershed,
its ground and surface water supplies, and resulting stream morphology and water quality evolve
and change with the existing rainfall and runoff patterns.  This natural state is displayed by stable
channels with minimal erosion, relatively infrequent flooding, adequate groundwater recharge,
adequate base flows, and relatively high water quality.  When all of these conditions are present
the streams support healthy, diverse and stable in-stream biological communities.  The following is
a brief discussion of the impacts of development on these steam characteristics:

> Channel Stability – In an undisturbed watershed, the channels of the stream network have
reached an equilibrium over time to convey the runoff from its contributing area within the
channel banks.  Typically, the channel will be large enough to accommodate the runoff
from a storm, the magnitude of which will occur approximately every 18-24 months.
Disturbances, such as development and unmanaged agricultural uses, in the watershed
disrupt this equilibrium.  As land surface disturbance occurs, additional runoff reaches the
streams more frequently.  This results in the channel becoming instable as it attempts to
resize itself.  The resizing occurs through bed and bank erosion, altered flow patterns, and
shifting sediment deposits.

> Flooding – When a watershed is disturbed, it results in increased localized flooding, and
other associated problems.  Overbank flows will occur more frequently until the channel
reaches a new equilibrium.  It is important to realize that this equilibrium may take many
years to be attained once the new runoff patterns are in place.  In watersheds with
continuous land surface disturbance, a new equilibrium may not be reached. Additionally,
floodplain encroachment and in-stream sediment deposits from channel erosion may
exacerbate flooding.

> Groundwater Recharge – In an undisturbed watershed, runoff is minimal.  Natural ground
cover, undisturbed soils, and uneven terrain provide the most advantageous conditions
for maximum infiltration to occur.  When land surface disturbance occurs, these favorable
conditions are diminished, or removed, causing more rainfall to become runoff that flows
to receiving streams instead of being absorbed into the system. This causes less water to
be retained in the watershed to replenish groundwater supplies.

> Base Flows – Loss of groundwater recharge, as described above, leads to insufficient
groundwater available to replenish stream flow during dry weather.  As a result, streams
that may have an adequate base flow during dry weather under natural conditions may
experience reduced flow, or become completely dry, during periods of low precipitation
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in developed watersheds.  Thermal degradation of the waterbody often accompanies
the reduction of base flow originating from groundwater.  The base flow is generally much
cooler than surface water sources.  The increase in water temperature can be detrimental
to many ecological communities.

> Water Quality – Stormwater from disturbed and developed surfaces carries a wide variety
of contaminants.  Pesticides, herbicides, fertilizers, automotive fluids, hydrocarbons,
sediment, detergents, bacteria, increased water temperatures, and other contaminants
that are picked up on land surfaces are carried into streams by runoff.  These contaminants
affect the receiving streams in different ways, but they all have an adverse impact on the
quality of the water in the stream.

> Stream Biology – Biological communities reflect the overall ecological health of a stream.
The composition and density of organisms in aquatic communities responds
proportionately to stressors placed on their habitat.  Communities integrate the stresses
over time and provide an ecological measure of fluctuating environmental conditions.
The adverse impacts of improperly managed runoff and increased pollution are evident
in the biological changes of impacted streams.  When biological communities within a
waterbody degrade the overall ecological integrity of the stream is also diminished.

It is important to understand that watershed hydrology, rainfall, stormwater runoff, and all of the
above characteristics are interconnected.  The implications of this concept are far reaching.  How
watersheds are managed has a direct impact on the water resources of the watershed.  Any
decision that affects land use and flood corridors has implications on stormwater management
and flooding conditions and, in turn, impacts the quality of available water resources.  The quality
of water resources has economic consequence as well as an effect on the quality of life in the
surrounding areas.  This understanding is at the core of watershed based flooding and stormwater
management approaches.
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SECTION 2 - GOALS AND OBJECTIVES
This Study report was developed to present the findings of the flood mitigation and assessment
study of the Fishing Creek Watershed within Columbia County. The principal purposes of this study
were to identify flooding and wet weather problem areas within Fishing Creek Watershed in
Columbia County, and to identify and assess proposed mitigation measures and projects for
problem areas and the watershed area within the County. The study accomplished through
efforts that included field reconnaissance, technical analysis, flood mitigation option
development, public and municipal participation, education and outreach, and technical
analysis presentation. Through the study process an understanding was developed of the desire
and capacity of the County, its municipalities, residents, and landowners to implement solutions
that target flood mitigation at the site scale while mitigating flooding conditions at the watershed
scale.

The overall objective of this Study is to provide an assessment of problem areas and mitigation
options and projects.  The Study is intended to enable flood mitigation through the following goals:

> Identify flooding and weather problem areas within the entire Fishing Creek Watershed in
Columbia County.

> Identify proposed mitigation measures and projects.
> Assess the impacts of proposed mitigation measures and projects.
> Ensure mitigation measures and projects are realistic, practical, and feasible.
> Document and communicate the Study methods and findings.

These goals provided the focus for the entire Study process. The initial part of the Study focused
efforts on gathering the necessary data and developing strategies that address the goals.  With
the necessary data and tools developed, the later portion of the Study evaluated site and
watershed specific information, incorporated in-depth technical analysis, and developed a
comprehensive assessment and compilation of information to achieve these goals.

PUBLIC ENGAGEMENT AND COMMUNCIATION

Public participation by local stakeholders was an integral part of the Study.  Coordination amongst
various groups facilitates a more inclusive Study, that can better address the variety of issues
experienced throughout the Watershed in the County.  Several public meetings were facilitated
throughout the development of this Study.

The purpose of the meetings was to provide access for municipal and resident input, voicing of
concerns and questions, and to serve as a mechanism to ensure coordination and cooperation.
The intent of the meetings was to help advise the Study team throughout the process, evaluate
mitigation options, coordinate the Study with West End Flood Mitigation Study, and review the
Study findings prior to completion.  Table 2.1 is a summary of the meetings that were held
throughout the Study process.

Table 2.1 Summary of Meetings

Meeting Purpose of Meeting Meeting Date

Public 1 Kick-off Meeting: Introduce the Flood Mitigation and
Assessment Study process.

July 29, 2021

Public 2 Public/Municipal/Stakeholder Review: Provide opportunity to
solicit feedback from municipalities on the Flood Mitigation and
Assessment Study problem area identification process.

November 30, 2021



Fishing Creek Watershed Flooding Assessment and Mitigation Study 5

Meeting Purpose of Meeting Meeting Date

Legislator
Meeting 1

Legislator Review Meeting: Present on the draft findings and
strategies developed and assessed to mitigate flooding and
wet weather issues in Fishing Creek Watershed with State and
County officials.

February 16, 2021

Legislator
Meeting 2

Legislator Review Meeting: Review high priority problem area
mitigation projects to mitigate flooding and wet weather issues
in Fishing Creek Watershed and discuss potential funding
options/strategies.

March 4, 2022

Public 3 Final Public/Municipal/Stakeholder Review Meeting: present on
the final findings and strategies developed and assessed to
mitigate flooding in Fishing Creek Watershed.

March 31, 2022
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SECTION 3 - FISHING CREEK WATERSHED DESCRIPTION
Fishing Creek Watershed in Columbia County is located in central Pennsylvania and is sourced in
Sullivan and Luzerne Counties, with the main stem of Fishing Creek deriving from the East and West
Branches of Fishing Creek in the northern part of Columbia County. From this point southward the
creek picks up tributaries of varied sizes, finding its terminus at the Susquehanna River
approximately 30 miles from the headwaters. The entire watershed has an area of approximately
384 square miles and is divided into 6 major watersheds. The watershed area within Columbia
County is 227 square miles with 293 miles of waterways.

POLITICAL JURISDICTIONS

The Watershed is comprised of 18 municipalities.  The political jurisdictions include 4 boroughs, one
town, and 13 townships.  In 2020, the municipalities that have land area falling within the Fishing
Creek Watershed in Columbia County had an estimated population of 37,865, decreasing 5.4%
from the 2010 census total of 39,824.  The 18 municipalities and their respective populations in are
as follows:

Table 3.1 Fishing Creek Watershed Municipalities

Townships 2020
Population

Area
(mi2) Town/Boroughs 2020

Population
Area
(mi2)

Benton 1,323 19.94 Benton 823 0.61
Fishing Creek 1,523 28.73 Town of Bloomsburg 12,711 4.69
Greenwood 1,881 28.44 Stillwater 199 3.16
Hemlock 2,214 17.64 Orangeville 479 0.45
Jackson 622 18.43 Millville 976 0.99
Madison 1,564 34.26
Montour 1,263 9.6
Mt. Pleasant 1,498 16.91
North Centre 2,036 15
Orange 1,161 13.03
Pine 1,011 29.49
Scott 5,514 7.46
Sugarloaf 887 26.3

In addition to these political boundaries, most municipalities use a County Subdivision and Land
Development Ordinance to regulate their land use (Sugarloaf, Pine, Greenwood, Benton, Mt.
Pleasant, Orange, Orangeville, and Fishing Creek Townships and Stillwater, Benton, and Millville
Boroughs) and the rest of the municipalities have their own Subdivision and Land Development
Ordinance regulations (Town of Bloomsburg, and Jackson, Madison, Hemlock, Montour, Scott,
and North Centre Townships).  Section 4 explores this existing regulatory framework and its
relationship to flooding and stormwater management.
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LAND USE

GENERAL DEVELOPMENT PATTERNS
Fishing Creek Watershed within Columbia County is primarily rural in nature with over 85% of the
land use either Agricultural or Rural.  Bloomsburg, the Route 11, Route 42 and Route 487 corridors,
and several Boroughs within the surrounding townships are primarily the commerce centers in the
County.  Table 3.2 reflects the proportion of current land uses.  For the purposes of this Study, the
existing land use as defined in the PASDA Land Use Dataset.

Table 3.2 Land Use in Fishing Creek Watershed

Land Use
Percentage

of Total
Land Use

Forested 48%

Agricultural 42%

Developed 7.9%

Low Vegetation 1.1%

Wetlands 0.9%

Water 0.2%

TRANSPORTATION
The major traffic routes in Fishing Creek Watershed in Columbia County include PA Routes 11, 44,
42, 487, 239, 254, 118, and Interstate 80.  PA Route 11 runs through the southern portion of the
County south of Montour Run in Montour Township and through the Town of Bloomsburg and
continues to follow the Susquehanna River.  PA Route 44 runs through the western part of Fishing
Creek Watershed in Columbia County.  PA Route 42 runs in a north-south direction through along
Little Fishing Creek.  PA Route 254 runs through the center of the Watershed and splits the Fishing
Creek and Little Fishing Creek watersheds in an east-west direction (Figure 3.1).  PA Route 239 runs
through the northwestern portion of the Watershed through the Little Fishing Creek and East/West
Branch Fishing Creek and mainstem Fishing Creek Watersheds (Figure 3.2). PA Route 118 runs
through the northern portion of the Watershed through the Little Fishing Creek and East/West
Branch Fishing Creek Watersheds (Figure 3.2). The major traffic route of Interstate 80 travels
through the southern center portion of Columbia County, paralleling Fishing Creek to the south
through portions of Hemlock Township, the Town of Bloomsburg, and Scott Township (Figure 3.3).

FARMLANDS
About 42 percent of the Fishing Creek Watershed in Columbia County is considered prime
farmland.  The majority of prime farmlands are located in the center and southern portion of the
Watershed distributed through the Hemlock Creek, Little Fishing Creek, and Fishing Creek
watersheds.
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Figure 3.1 Major Roadways in the Central Portion of Fishing Creek Watershed

Figure 3.2 Major Roadways in Northern Portion of Fishing Creek Watershed
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Figure 3.3 Major Roadways in Southern Portion of Fishing Creek Watershed

RAINFALL
Figures 3.4 and 3.5 show the rainfall statistics for the two closest locations with an extended record
near Columbia County (Danville, PA from 1942 through 2010 and Williamsport, PA from 1945
through 2021).  The average rainfall, shown in Figure 3.4 portrays the amount of precipitation
throughout each year since 1942, although there can be significant variation in the annual rainfall
total (between 27 and 70 inches).  While this variation can have a significant impact on water
supply and vegetative growth, it is the quantity of rain in a relatively short time period (1-hour, 6-
hour, 24-hour, 48-hour) that impacts flooding conditions in Fishing Creek Watershed.

Figure 3.5 shows the annual maximum rainfall events recorded over the same time period
graphed and the NOAA Atlas 14 values (Precipitation / Frequency Data) for the 2-year and 100-
year storm events, derived using partial series data.  The annual maximum rainfall for a station is
constructed by extracting the highest precipitation amount for a particular duration in each
successive year of record.  A partial duration series is a listing of the period of record with the
greatest observed precipitation depths for a given duration at a station, regardless of how many
occurred in the same year.  Thus, a partial data series accounts for various storms that may occur
in a single year.

Historical focus on the annual maximum rainfall and the larger magnitude, low frequency storm
events, as done in previous stormwater planning efforts throughout Pennsylvania, has lead to
neglect of 1) the majority of storm events that are smaller than the annual maximum and their
subsequent value to the landscape in terms of volume and water quality and 2) the fact that the
inclusion of every storm may increase the 24-hour rainfall total typically used in design.
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The majority of rainfall in Fishing Creek Watershed comes from storms of low magnitudes.  Only
10% of the daily rainfall between 1942 and 2021 exceeded 0.85 inches, which is below any design
standards currently being used in the County.  It is important to acknowledge that many of these
smaller rainfall events lead to larger runoff events as they may saturate the soils prior to a larger
storm or occur within a short time period after a larger storm, overwhelming existing conveyance
facilities.

Figure 3.4 Annual Precipitation at Danville and Williamsport

For the gage data shown in Figure 3.4 and 3.5, the NOAA Atlas 24-hour, 2-year storm event total
of 2.86 inches was exceeded 16 times in the most recent 30 years of data at Williamsport, PA.
When analyzing only the annual maximum series, the NOAA Atlas 24-hour, 2-year storm was
exceeded only 12 times.  Thus, viewing only the annual maximum series may neglect significant
historical rainfall events, particularly in years like 2006, 2010, 2011, or 2018 with several significant
rain storms.  The implication for flood control in Fishing Creek Watershed is that any changes to
stormwater management regulations should incorporate the NOAA Atlas 14, partial duration data
series to ensure the best available data is being used for design purposes.
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Figure 3.5 24-Hour Rainfall Statistics at Danville and Williamsport

GEOLOGY

Fishing Creek Watershed in Columbia County is primarily located in the Ridge and Valley
Physiographic Province, with the extreme northern portion falling in the Appalachian Plateau.  The
Ridge and Valley Province is characterized by alternating series of long, narrow, and even-crested
ridges and valleys.  The ridge and valleys are oriented in a southwestern and southern direction
with mountains as high as 2,400 feet down to 450 feet along the Susquehanna River.  Some karst
terrain exists in the extreme southern edge of the watershed along the Susquehanna River.  The
watershed begins from North Mountain in Sullivan and Luzerne Counties and the Knob Mountain
diverts Huntington Creek west from Luzerne County into Fishing Creek in Columbia County on the
southeastern portion of the Watershed.

Several bedrock formations are distributed across the Fishing Creek watershed, and some
formations are concentrated in specific portions of the watershed. The upper portion of the Fishing
Creek watershed in Sullivan, Luzerne, Lycoming, and Columbia County is generally comprised of
Burgoon Sandstone and Huntley Mountain Formation along the upper sections, and Catskill
Formation along the lower sections. The central portion of the Fishing Creek watershed in
Lycoming, Columbia, and Luzerne County is generally comprised of Trimmers Rock Formation with
a pocket of Hamilton Group in Columbia County. The lower portion of the Fishing Creek watershed
in Montour, Columbia, and Luzerne County is comprised of many bedrock formations: Irish Valley,
Sherman Creek, and Duncannon Member of Catskill Formation, Pocono Formation, and Catskill
Formation, along with Trimmers Rock Formation, Hamilton Group, Keyser and Tonoloway
Formations, Onondaga and Old Port Formations, Bloomsburg and Mifflintown Formations, Willis
Creek Formation, and Clinton Group. Refer to Appendix A for a map of the geologic formations.
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SLOPES

Fishing Creek Watershed in Columbia County is located within a moderately folded and faulted
geologic region. As a result, much of the Watershed contains sizeable areas of steep slopes in the
municipalities located near Lycoming and Sullivan Counties.  Slopes with grades of 15% or greater
are considered steep.  If disturbed, these areas can yield heavy sediment loads on streams.  Very
steep slopes, with over 25% grade, produce heavy soil erosion and sediment loading.  Slope values
are broken into four categories and shown in Table 3.3 and the general land use and earth
disturbance restrictions associated with each slope category.

For the hydrologic analysis, the Fishing Creek Watershed was divided into 232 subbasins and
average land slopes were calculated for each subbasin. The maximum subbasin land slope was
45.5%, the minimum subbasin land slope was 2.7%, and the average subbasin land slope was
19.7%.

Table 3.3 Summary of Typical Slope Restrictions for Earth Disturbance and Land Use

Slope
Classification

Slope
Range Slope Restrictions

Flat to
Moderate 0-8%

Capable of all normal development for residential,
commercial, and industrial uses; involves minimum
amount of earth moving; suited to row crop agriculture,
provided that terracing, contour planting, and other
conservation practices are followed

Rolling Terrain
and

Moderate
Slopes

8 - 15%

Generally suited only for residential development; site
planning requires considerable skill; care is required in
street layout to avoid long sustained gradients; drainage
structures must be properly designed and installed to
avoid erosion damage; generally suited to growing of
perennial forage crops and pastures with occasional
small grain plantings

Steep slopes 15 - 25%

Generally unsuited for most urban development;
individual residences may be possible on large lot areas,
uneconomical to provide improved streets and utilities;
overly expensive to provide public services; foundation
problems and erosion usually present; agricultural uses
should be limited to pastures and tree farms

Severe and
Precipitous

Slopes
> 25%

No development of an intensive nature should be
attempted; land not to be cultivated; permanent tree
cover should be established & maintained; adaptable to
open space uses (recreation, game farms, & watershed
protection)

SOILS

The behavior of a soil’s response to rainfall and infiltration is a critical input to the hydrologic cycle.
The soils within Fishing Creek Watershed in Columbia County have variable drainage
characteristics and various restrictions on their ability to drain, promote vegetative growth, and
allow infiltration.  They range from well drained with a low runoff potential, to moderately to poor
drained with a high runoff potential.

Impediments to subsurface drainage in the Watershed include lithic and paralithic bedrock (i.e.,
solid and weather or broken layers of bedrock). Higher runoff rates and reduced infiltration
capacity may exist in these soils.
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An additional indicator of the ability of the soils in the Watershed to absorb rainfall is the hydrologic
soil group assigned to each soil.  This classification varies between “A” which has very low runoff
potential and high permeability and “D” which typically has very high runoff potential and low
permeability.  Table 3.4 show a summary of the hydrologic soil groups for Fishing Creek Watershed
in Columbia County.   Some soils have variable runoff potential depending on whether or not they
are drained or undrained.  For example, agricultural field with tile drainage may decrease the
runoff potential from hydrologic soil group D to hydrologic soil group A. Sixty-nine percent (69%)
of the soils in Fishing Creek Watershed in Columbia County are hydrologic soil group A, B, or C
indicating a moderate runoff potential (Refer to Appendix A for a map of soils).

Table 3.4 Hydrologic Soil Groups in Fishing Creek Watershed

Hydrologic
Soil Group Runoff Potential Percent of

Watershed
A Low 9%
B Low to Moderate 23%
C Moderate to High 37%
D High 31%

WATERSHEDS AND STUDY AREAS

For the purpose of this Study, Study Area watersheds were split into 4 sub-areas defined primarily
by municipal boundaries. These 4 Study Areas are located in watersheds defined by the USGS
Hydrologic Unit Code 12 (HUC12) watershed delineation.  Fishing Creek Watershed within
Columbia County contains at least a portion of 11 different HUC12 watersheds.  This classification
of the county’s watersheds is summarized in the following Table 3.5. Appendix A contains maps of
the Study Areas and additional maps reference the HUC12 watershed names.

Table 3.5 Summary of Fishing Creek Watersheds in Columbia County

Primary Watershed Study Area Sub-watershed USGS Hydrologic Unit Code 12 Watershed (HUC12)

Fishing Creek

Upper Fishing Creek

West Branch Fishing Creek - 020501070702
East Branch Fishing Creek - 020501070701
West Creek - 020501070703
Raven Creek - 020501070704
Pine Creek - 020501070503

Middle
Fishing Creek

Raven Creek - 020501070704
Mud Run-Green Creek - 020501070705
Huntington Creek-Fishing Creek - 020501070504
Pine Creek - 020501070503
Fishing Creek-Susquehanna River - 020501070707

Little Fishing Creek
Kline Hollow Run-Little Fishing Creek - 020501070601
Little Fishing Creek-Fishing Creek - 020501070602

Hemlock Creek-Lower
Fishing Creek

Hemlock Creek - 020501070706
Little Fishing Creek-Fishing Creek - 020501070602
Fishing Creek-Susquehanna River - 020501070707
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UPPER FISHING CREEK STUDY AREA
The Upper Fishing Creek Study Area is located in the northern portion the County. The Upper
Fishing Creek Study Area municipalities comprise an area of approximately 47 square miles, with
portions of this area draining to Huntington Creek which contributes flow south of Orangeville to
the main stem of Fishing Creek.  Table 3.6 details the municipalities within the study area.

From the headwaters in the Sullivan County, the Upper Fishing Creek Study Area drains southwest
towards Stillwater Borough.  Its major tributaries include Coles Creek, East Branch Fishing Creek,
West Branch Fishing Creek, and portions of Raven Creek.

Table 3.6 Upper Fishing Creek Study Area Municipalities

Study Area Municipality

Upper Fishing Creek
Sugarloaf Township
Benton Township
Benton Borough

Major floods occurred in the Upper Fishing Creek Study Area during June 1972, January 1996,
September 2011, and August 2018 rainfall/runoff events.  Although flooding occurs throughout the
area, the section from the confluence with the mainstem of Fishing Creek with West Creek (in
Benton Borough) has historically received the most intense flooding since this is the largest
population center in the Study Area and the land surface elevation is very near that of the
contributing creeks.

MIDDLE FISHING CREEK
The Middle Fishing Creek Study Area is situated in the north-center portion of Columbia County.
The Middle Fishing Creek Study Area municipalities comprise an area of 85 square miles, with
portions of this area draining to Huntington Creek which contributes flow south of Orangeville to
the main stem of Fishing Creek.  Table 3.7 details the municipalities within the watershed.

The Middle Fishing Creek Study Area drains southwest towards Mt. Pleasant Township.  Its major
tributaries include Fishing Creek, Raven Creek, Huntington Creek, and Green Creek.

Table 3.7 Middle Fishing Creek Study Area Municipalities

Study Area Municipality

Middle Fishing Creek

Fishing Creek Township
Stillwater Borough
Orange Township
Orangeville Borough
Greenwood Township
North Centre Township

Similar to the Upper Fishing Creek Study area, major floods occurred in the Middle Fishing Creek
Study Area during June 1972, January 1996, September 2011, and August 2018 rainfall/runoff
events.  Flooding occurs throughout the area from the confluence of Raven Creek with the
mainstem of Fishing Creek (in Stillwater Borough) south through Orange Township receiving the
most intense flooding issues since these areas have constrained creek channels and properties
near the creek channel.
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LITTLE FISHING CREEK
The Little Fishing Creek Study Area is located in the northwest portion of Columbia County. The
Little Fishing Creek Study Area municipalities comprise an area of approximately 87 square miles,
with portions of this area draining to West Creek which contributes flow near Benton Borough to
the main stem of Fishing Creek.  Table 3.8 details the municipalities within the watershed.

The Little Fishing Creek Study Area drains southwest towards Mt. Pleasant Township.  Its major
tributaries include several smaller runs including Spruce Run, West Branch Run, Shingle Run, Lick
Run, Wolfhouse Run, and Devil Hole Run.

Table 3.8 Little Fishing Creek Study Area Municipalities

Study Area Municipality

Little Fishing Creek

Jackson Township
Pine Township
Greenwood Township
Millville Borough
Madison Township

Flooding and wet weather issues occur throughout the Little Fishing Creek Study Area with the
section from the Village of Iola (Greenwood Township) through Millville Borough receiving the most
intense flooding issues since this is the largest population center in the Study Area and the areas
have constrained creek channels and properties near the creek channel.

HEMLOCK CREEK-LOWER FISHING CREEK
The Hemlock Creek-Lower Fishing Creek Study Area is located in the central portion of Columbia
County. The Hemlock Creek-Lower Fishing Creek Study Area municipalities comprise an area of
approximately 39 square miles, with portions of this area draining to Little Fishing Creek .  Table 3.9
details the municipalities within the watershed.

The Hemlock Creek-Lower Fishing Creek Study Area drains southwest towards the Susquehanna
River.  Its major tributaries include Little Fishing Creek, Hemlock Creek, Montour Run, and the
mainstem of Fishing Creek.

Table 3.9 Hemlock Creek-Lower Fishing Creek Study Area Municipalities

Study Area Municipality

Hemlock Creek-Lower
Fishing Creek

Hemlock Township
Mt. Pleasant Township
Montour Township
Scott Township
Town of Bloomsburg

Major floods occurred in the Hemlock Creek-Lower Fishing Creek Study Area during June 1972,
January 1996, September 2011, and August 2018 rainfall/runoff events.  Most of these correspond
to noted floods along the Susquehanna River, however Fishing Creek Watershed contributes to
flooding conditions here as peak flows from Fishing Creek Watershed often occur prior to peak
flows on the Susquehanna River when flooding events coincide. The Town of Bloomsburg is the
most urbanized area within the Watershed and is mostly built out.  The Town of Bloomsburg is
partially protected by a system of levees that protects the Town from flooding from the
Susquehanna River.
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Floodplain Data

A flood occurs when the capacity of a stream channel to convey flow within its banks is exceeded
and water flows out of the main channel onto and over adjacent land.  This adjacent land is
known as the floodplain.  For convenience in communication and regulation, floods are
characterized in terms of return periods, e.g., the 50-year flood event.  In regulating floodplains,
the standard is the 100-year floodplain, the flood that is defined as having a 1 percent chance of
being equaled or exceeded during any given year.  These floodplain maps, or Flood Insurance
Rate Maps (FIRMs), are provided to the public (http://msc.fema.gov/) for floodplain management
and insurance purposes.  About 9.6% of the population within Fishing Creek Watershed in
Columbia County lives in an area that is delineated under the 100-year floodplain, or High Hazard
Area. Additionally, over 2,000 structures potentially lie within the high hazard area. Table 3.10
summarizes the municipal populations that live within 100-year floodplain (FEMA, 2019), these
values are inclusive of areas outside of the Fishing Creek Watershed.

Table 3.10 Potential Impact Due to Flooding (FEMA, 2019)

Townships % of Population in
High Hazard Area

Structures in
High Hazard

Area

Town/
Boroughs

% of Population in
High Hazard Area

Structures in
High Hazard

Area

Benton 9% 95 Benton 79% 375
Fishing Creek 6% 100 Bloomsburg 8% 560
Greenwood 11% 155 Stillwater 51% 80
Hemlock 10% 135 Orangeville 6% 20
Jackson 0% <5* Millville 6% 40
Madison 1% 30
Montour 7% 80
Mt. Pleasant 3% 45
North Centre 2% 20
Orange 9% 120
Pine 5% 50
Scott 12% 350
Sugarloaf 12% 140

*Values are approximate based on data available at time of analysis by FEMA.

In 2019, the Federal Emergency Management Agency (PEMA) completed a preliminary revision
to the flood insurance risk map and provided County and municipal summaries of this information
that provided cumulative paid losses for all major flood events since 1978.  The study computed
damages in dollars for total economic loss, building and content damage (FEMA, 2019).  Table
3.11 summarizes the findings from this study.

Table 3.11 Building/Property Losses Due to Flooding (FEMA, 2019)

Townships 1978-2018
Losses ($) Town/Boroughs 1978-2018

Losses ($)

Benton $954,000 Benton $1,600,000
Fishing Creek $3,400,000 Bloomsburg* $15,650,000
Greenwood $286,000 Stillwater $1,100,000
Hemlock $5,500,000 Orangeville $328,000
Jackson $0 Millville $4,000

http://msc.fema.gov/
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Townships 1978-2018
Losses ($) Town/Boroughs 1978-2018

Losses ($)

Madison $17,000
Montour $1,200,000
Mt. Pleasant $1,000,000
North Centre $19,000
Orange $2,600,000
Pine $11,000
Scott* $3,200,000
Sugarloaf $213,000

*Assumes half of losses based on Fishing Creek Flooding

DETAILED STUDIES
There are various levels of detail in floodplain mapping.  Detailed studies (Zones AE and A1-A30
on the floodmaps) are conducted at locations where FEMA and communities have invested in
engineering studies that define the base flood elevation and often distinguish sections of the
floodplain between the floodway and flood fringe.  See Figure 3.6 for a graphical representation
of these terms.  For a proposed development, most ordinances state that there shall be no
increase in flood elevation anywhere within the floodway; the flood fringe is defined so that any
development will not cumulatively raise that water surface elevation by more than a designated
height (set at a maximum of 1’).  Development within the flood fringe is usually allowed but most
new construction is required to be designed for flooding (floodproofing, adequate ventilation,
etc).

Figure 3.6 Floodplain Cross Section and Flood Fringe (NH Floodplain, 2019)

A review of the FIRMs revealed that several 100-year floodplains exist within Fishing Creek
Watershed in Columbia County for the main streams.  Detailed studies that clearly define the 100-
year flood elevation and the floodway are provided in the locations indicated in the FIRM.
Detailed studies have been performed along a short sections of Fishing Creek, Little Fishing Creek,
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There is one levee in the Fishing Creek Watershed located in Orange Township, Columbia County,
recognized by FEMA in the county Flood Insurance Study (FEMA, 2020), but it is neither certified by
the U.S. Army Corps of Engineers nor accredited by FEMA.

COMMUNITY RATING SYSTEM (CRS)
To reduce flood risk beyond what is accomplished through the minimum federal standards, the
NFIP employs the Community Rating System to give credit to communities that reduce their
community’s risk through prudent floodplain management measures.  Several of these measures
coincide with the goals and objectives of flood mitigation measures: regulation of stormwater
management, preservation of open space, and community outreach and education of the
reduction of flood-related damages.

Flood insurance premiums can be reduced by as much as 45% for communities that obtain the
highest rating.  Currently, only the Town of Bloomsburg participates in the CRS within Fishing Creek
Watershed.  The Town currently maintains a CRS rating of 7 and receives a 15-percent discount
on flood insurance premiums for properties within the Special Flood Hazard Area. Under Risk Rating
2.0: Equity in Action, a community’s CRS discount applies to all CRS eligible NFIP policies in the
community regardless of food zone.



Fishing Creek Watershed Flooding Assessment and Mitigation Study 20

SECTION 4 - REGULATIONS AND PLANNING STRATEGIES
Regulations and planning strategies can be an important tool in mitigating the impacts caused
by stormwater and flooding. By looking at past and current regulations, and their outcomes,
regulation and policy, recommendations can be made to provide a positive impact on
stormwater and flooding related problems. Currently stormwater and floodplain regulations exist
at a federal, state and can exist even at a local level. Generally, state and local regulations have
the greatest impact on a community, as federal regulations often have a broader focus.

EXISTING FEDERAL REGULATIONS

As noted above, Federal regulations are generally board as they provide a national framework in
which all other stormwater management regulations shall be developed.

CLEAN WATER ACT, SECTION 303 – Requires states to regulate point source pollution through the
development of a Total Maximum Daily Load, to assure water quality and protect stream flora
and fauna.

CLEAN WATER ACT, SECTION 404 – Regulations permitting of discharge of any dredged or fill material
into United States waters. This includes the regulation of discharge into lakes, navigable streams
and rivers, and wetlands.

CLEAN WATER ACT, SECTION 401/402 – Authorizes the Commonwealth to grant, deny, or condition
Water Quality Certification for any licensed activity that may use result in a discharge to navigable
waters. This also established the National Pollutant Discharge Elimination System (NPDES) that
regulates earth disturbances activity of five (5) acres or more, or one (1) acre or more with a point
source discharge.

RIVERS AND HARBORS ACT OF 1899, SECTION 10 – regulates activities that obstruct or alter any
navigable waters of the United States.

FEDERAL EMERGENCY MANAGEMENT ACT – Requires any proposed structures within the floodplain
boundaries of a stream cannot cause a significant rise (greater than one (1) foot) in the 100-year
flood height of the stream.

EXISTING STATE REGULATIONS

Pennsylvania has developed a number of stormwater regulations that help the Commonwealth
meet the federal standards and provide a statewide system for stormwater regulations. State
regulations cover a variety of stormwater related topics, are more specific and include statewide
standards for design criteria for state issued permits.

CHAPTER 92 – DISCHARGE ELIMINATION – regulates the permitting of point source discharges of
pollution under the National Pollutant Discharge Elimination System (NPDES).

CHAPTER 93 – WATER QUALITY STANDARDS – Establishes the Water Use Protection classification (i.e.
water quality standards) for all streams in the state, and stipulates anti-degradation criteria for all
streams.

CHAPTER 96 – WATER QUALITY IMPLEMENTATION STANDARDS – Establishes the process for achieving and
maintaining water quality standards for point source discharges of pollutants. In addition, this
authorizes DEP to establish the Total Mass Daily Loads (TMDLs) and Water Quality Based Effluent
Limitations (WQBELs) for all point source discharges to waters of the Commonwealth.

CHAPTER 102 – EROSION AND SEDIMENT CONTROL – requires anyone conducting and proposing earth
disturbance activities to develop and maintain Best Management Practices (BMPs) to minimize
the potential for erosion and sedimentation to manage post construction stormwater. The BMPs
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shall be undertaken to protect, maintain, reclaim and restore water quality and designated uses
of waters within the Commonwealth.

CHAPTER 105 – DAM SAFETY AND WATERWAY MANAGEMENT – regulates construction, operation and
maintenance of dams and streams. It also regulates water obstructions and encroachments that
are located in, along or projecting into a watercourse, floodway, wetland or body of water.

CHAPTER 106 – FLOODPLAIN MANAGEMENT – Manages the construction, operation and maintenance
or structures located within the floodplain of a stream if owned by the State, a political subdivision,
or a public utility.

EXISTING MUNICIPAL REGULATIONS

Throughout the state stormwater and floodplain regulations are typically enforced at a municipal
level, however some municipalities will adopt the County’s Subdivision and Land Development
Ordinance (SALDO) which will include some stormwater and floodplain management regulations.
Table 4.1 shows what zoning ordinances each municipality has. There are many municipalities
within the study are that have adopted Columbia County’s SALDO, and seven (7) that have their
own (Columbia County, 2022).

Table 4.1 Municipal Regulation Summary (Columbia County, 2022)

MUNICIPALITY STORMWATER
MANAGEMENT

SUBDIVISION &
LAND

DEVELOPMENT
(SALDO)

ZONING FLOODPLAIN
MANAGEMENT

Sugarloaf
Township

Within County
SALDO County SALDO Yes Within County

SALDO

Jackson
Township No Yes Yes No

Pine Township Within County
SALDO County SALDO Yes Within County

SALDO

Greenwood
Township

Within County
SALDO County SALDO Yes Within County

SALDO

Madison
Township

Within Township
SALDO Yes No No

Millville Borough

Borough
Ordinance &
within County

SALDO

County SALDO Yes
Borough Ordinance,
Regulations also in
the County SALDO

Mt. Pleasant
Township

Within County
SALDO County SALDO Yes

Within Borough
Zoning Ordinance,
Regulations also in
the County SALDO

Hemlock
Township

Within Township
SALDO Yes Yes Within Township

Zoning Ordinance

Montour
Township No Yes Yes No
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MUNICIPALITY STORMWATER
MANAGEMENT

SUBDIVISION &
LAND

DEVELOPMENT
(SALDO)

ZONING FLOODPLAIN
MANAGEMENT

Scott Township
Within Township

SALDO &
Chapter 118

Yes Yes No

North Centre
Township

Within Township
SALDO Yes Yes Within Township

Zoning Ordinance

Town of
Bloomsburg Within SALDO Yes Yes Yes

Orange Township Within County
SALDO County SALDO Yes Township Ordinance

Orangeville
Borough

Within County
SALDO County SALDO No Within County

SALDO

Fishing Creek
Township

Within County
SALDO County SALDO No

Township Ordinance
- Supersedes all

other

Stillwater
Borough

Within County
SALDO County SALDO Yes Within County

SALDO

Benton Township Within County
SALDO County SALDO Yes Within County

SALDO

Benton Borough Within County
SALDO County SALDO Yes Within County

SALDO

RECOMMENDATIONS AND CONSIDERATIONS

As this study outlines several projects that would reduce the impacts of flooding, there are also a
number of strategies that communities can take to decrease future impacts of stormwater and
runoff through land use and zoning requirements. These efforts include municipal zoning, river
corridor protection, and land use management and site design.

MUNICIPAL ZONING

Zoning is one of the most influential factors on the future of stormwater and flooding conditions
within a community, as there is a direct correlation between runoff and land use, which is
regulated through zoning. Developing, instituting, and adopting zoning or zoning amendments
can be a difficult process, with potential political obstacles, financial related issues such as lack
of staffing, and an increased level of enforcement that would be needed.

Despite these potential barriers, developing meaningful stormwater and floodplain management
and land use zoning ordinances will directly impact future land use and development patterns,
and are vital for successful stormwater management. However, the impacts of zoning regulations
stretch beyond just stormwater and floodplain management, and any changes to zoning
ordinances shall be developed with careful consideration to any and all potential effects of the
changes.
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Recommendations for Improved Municipal Zoning:

> Watershed Based Zoning – Master planning and zoning efforts that incorporate watershed
specific regulations.

> Overlay Zoning – Overlay districts add an additional layer of regulations. These areas
superimpose additional regulatory standards, permitted uses, or applies specific
development criteria onto existing zoning regulations. An example of watershed related
overlay districts maybe “impervious overlay zoning” in areas with documented stormwater
problems to help set maximums for impervious area coverage. In some areas a riparian
zoning overlay district could be an appropriate overlay district to help with water quality,
floodplain management and stormwater management.

> Performance Zoning – requires a proposed development to meet certain desired levels of
performance within a given area. This can be used to control traffic, noise, light
requirements, and architectural styles, but can also help with watershed related
performance zoning. This may include limits on stormwater quality and quantity and could
be an option to help address impaired waterways.

> Large Lot Zoning – creates a district that can require development to occur at lower
densities to help disperse impervious coverage. This can help mitigate stormwater runoff
impacts related to increased impervious area.

> Infill Community Redevelopment – promotes the use of vacant or underutilized land within
existing growth centers for increased development. This practice can limit the amount of
new impervious area to a community by continuing to develop in areas where there is
existing impervious area. This practice also helps to reduce negative impacts associated
with sprawl and maximize the utilization of existing infrastructure.

RIVER CORRIDOR PROTECTION
River corridor protection is a broad term that includes a number of waterway management
approaches for rivers, streams, creeks and other types of waterways. The concept behind corridor
protection is to recognize the natural function of the waterway and to manage them to resolve
conflicts between the natural system and land use. River corridors include the existing channel,
the floodplain, and the adjacent riparian zone.

Floodplain Management
Floodplain management has a direct impact on mitigating flooding and wet weather conditions.
Most stormwater management policy focuses on future development and reducing the likelihood
of increased flooding, where most floodplain management focuses on preventative and
corrective measures to reduce flood damage. Floodplain management policy serves to minimize
the impacts of flooding events by reducing the conflicts related to land use and floodplains.

To develop effective floodplain management policy, it must include preventative provisions that
restrict future development within the floodplains and corrective measures that help to reduce
flood damage in identified problem areas.

Recommendations for floodplain management:
> Adopt and enforce the Pennsylvania Department of Community and Economic

Development (DCED) Model Floodplain Ordinance. It is recommended that municipalities
within the project area adopt the model ordinance as it will help to ensure that local
ordinances address the minimum state and federal requirements and provide a consistent
basis of floodplain management.

> Participate in the Community Rating System. The Community Rating System (CRS) provides
credit to communities that reduce the risk of flood hazards. Through the implementation
of the recommended projects and policies within this study, municipalities can help
reduce flood insurance rates for residents that are located within the floodplain and
outside of the Special Flood Hazard Area.
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> Provide and Encourage Open Space Preservation in Floodplains. Open space
preservation can help provide credits to future developments for reducing impervious
area and in turn reducing stormwater runoff.

> Acquire and relocate flood-prone buildings from the floodplain. Within Columbia County,
less than 1% of all properties have accounted for 49% of flood insurance claims since 1978
(FEMA, 2019).   By removing properties and impervious area from the floodplains it can
reduce the flooding and reduce the community’s risk for flood damage. Most of the time
it is more economical to remove properties than to install structural alternatives to protect
the properties such as levees, diversion projects and dams.

> Implement a maintenance program for drainage systems. When infrastructure is designed
and engineered it assumed that the infrastructure is at full function conveyance which
means that when these areas get clogged or are not functioning properly this can cause
increased flooding. It is important that municipalities implement a program for inspection
and maintenance of channels, conveyance, and storage facilities.

River Corridor Planning

River corridor planning is the implementation of river (or stream) corridor management alternatives
that consider all aspects of the river or stream by using river specific assessments that help to
identify important features and potential areas of threat. This type of land use planning focuses
on the impacts that land uses have on the river/stream system.

Recommendations for River Corridor Planning Include:

> Identify areas that could benefit from river corridor planning and initiate the planning
process. The identification and planning of these areas can greatly reduce the economic
impact that is caused by major flooding events. River corridor planning can be beneficial
in areas that may see future development, areas with existing persistent flood damage,
and areas with special value.

> Identify and project fluvial erosion hazard zones. Flooding can increase and occur more
frequently as the channel changes from naturally occurring processes or human induced
impacts. Geomorphic assessments can identify areas that are likely to experience channel
changes through erosion. Through this process the identified areas can be used to help
form overlay districts, areas that should have stream buffer requirements, or areas for
additional protection.

> Review and incorporate river corridor planning resources into future changes in Fishing
Creek Watershed planning and floodplain management, for example:

- Vermont DEC River Management Program: https://dec.vermont.gov/watershed
- FEMA River Corridor and Watershed Management:

https://training.fema.gov/hiedu/docs/fmc/chapter%2014%20-
%20river%20corridor%20and%20watershed%20mgmt.pdf

Riparian Zone Protection

The riparian zone is the area between the aquatic zone and adjacent uplands, which generally
includes streambanks, floodplain, and any adjacent wetlands. Although similar and overlapping
the river corridor, the riparian zone doesn’t refer to a specified distance, where the riparian zone
differs based on the geographic area.

There are two major benefits of riparian zones, flood protection and water quality functions. They
provide flood protection by providing a temporary storage area that allows for the velocity of
waters to be slowed and provide some amount of flooding reduction through infiltration. These
zones also filter out pollutants and provides protection from streambank erosion.

https://dec.vermont.gov/watershed
https://training.fema.gov/hiedu/docs/fmc/chapter%2014%20-%20river%20corridor%20and%20watershed%20mgmt.pdf
https://training.fema.gov/hiedu/docs/fmc/chapter%2014%20-%20river%20corridor%20and%20watershed%20mgmt.pdf
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Recommendations for Riparian Zone Protection include:

> Adopt and enforce the riparian buffer provision of the PA DEP Model Stormwater
Management Ordinance. The Model Ordinance includes regulations that require the
establishment of riparian buffers on all new development near watercourses. An exception
is included for roadway maintenance activities and there is a waiver for linear projects.
The model ordinance also includes requirements that are in accordance with the
proposed changes to the statewide erosion and sedimentation plan.

> Adopt stream specific guidelines. In areas where there are numerous problems identified,
and a riparian buffer is identified as a potential solution, the adoption of specific guidelines
for a stream may be beneficial. One way to determine guidelines is through the
preparation of a stream corridor study to help designate riparian zones within the study
area, as these zones range from 75 feet to 1000 feet.

> Encourage voluntary establishment of riparian buffers. Regulatory approaches help to limit
the future development within the riparian zone but have little to no effect on the existing
land use that currently exists within riparian areas. There are incentive programs that help
to provide technical and or financial assistance for landowners to establish riparian buffers.

LAND USE MANAGEMENT AND SITE DESIGN
Wetland Protection

Wetlands are essential to water quality protection, stormwater management, and provide
ecological functions. Wetlands help to with storm flow modification, limit erosion, provide
sediment and nutrient retention and provide groundwater replenishment. Wetlands also function
as areas for flooding storage during wet weather events.

A recommendation related to wetlands protection would be:

> Protect special value wetlands. Since wetland provide a number of benefits, they have
been protected by federal and state regulations, that protect them from development.
However, under the existing regulations encroachment of wetlands is permitted for certain
activities, therefore, municipalities should develop additional regulations to further protect
wetlands.

Green Stormwater Infrastructure/Low Impact Development Design

Development can have impacts on stormwater and can cause increased flooding, which is a
reason why green stormwater infrastructure, also known as low impact development, can help to
limit the impacts development has on stormwater. Green stormwater infrastructure and low
impact development design concepts strive to reduce the impervious surface area and minimize
the natural area that is disturbed. These concepts also include decentralizing stormwater
management facilities.

Limiting Impervious Cover

Studies show that when 10% of the land area within a watershed is impervious, biological indicators
within the waterways begin to show degradation. Through the limitation of impervious cover, it
can reduce the impact that development can have on the hydrologic cycle.

Concepts for reducing impervious coverage include:

> Road Widths – many roadways are assumed to have 12-foot travel lanes, and additional
impervious coverage for sidewalks. If existing lanes are 12 feet, reducing them to 11 feet
could decrease impervious coverage of the roadways by up to 8 percent. Adjustments in
road widths may have impacts on certain municipal funding mechanisms (i.e. Liquid Fuels
funds require minimum cartway widths of 16 feet).
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> On-street parking – standardizing a maximum of 8-foot-wide parking and limiting street
parking to one side of the road when feasible. Another option can be to require parking
lanes to be constructed with pervious pavement or another type of impervious surface.

> Curb and Gutter Systems with Storm Sewers – ordinances could be modified to allow
roadside swales, which provide additional opportunity for infiltration and can also provide
filtration to help improve water quality.

> Parking Requirements and Dimensions – municipalities should consider reducing the
number is parking spaces that are required, and the required stall size. Parking stall sizes
requirements could be 8 feet wide by 18 feet long. Ordinances could also require
minimums for green space within parking lots that should allow the runoff from the
impervious area to flow over them so that water quality filtration and infiltration is
enhanced.

> Total impervious coverage on a lot – limits should be established to limit the amount of
impervious coverage on a single lot. Ordinances should also establish a minimum amount
of green space that should be provided on commercial, institutional, and industrial
developments. Furthermore, these green spaces shall be designed to help capture runoff
from the impervious surfaces.

Limit Disturbance or Compaction of Topsoil

Topsoil provides a significant function when it comes to stormwater management. During wet
weather events runoff does not occur until the topsoil becomes saturated and the holding
capacity is exceeded. However, when soil is compacted, it can drastically limit the holding
capacity. Therefore, municipalities should consider the following recommendations:

> Adopt ordinance language that discourages the common practice of removing topsoil
the development sites during construction. The area of disturbance should be limited to
the area that is necessary to complete the project.

> Adopt ordinance provisions that limit soil compaction where possible. Areas that are
outside of the area of disturbance should still be protected from compaction by
construction activities. These areas should be identified on side plans and protected by in-
field measures.
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SECTION 5 - PROBLEM AREAS
One of the stated goals of this Plan is to “identify problem areas in the entire Fishing Creek
Watershed.”  The strategy for achieving this goal required the identification of the existing
significant flooding and wet weather problem areas, and then an evaluation of the identified
problem areas.

The first task was to identify the location and nature of existing flooding and wet weather problems
within the Watershed, and where appropriate, gather field data to be used for further analysis of
the problems. The geographic location data was used to map all of the problem areas and
obstructions on a single map (Appendix A).  Mapping the location of the sites in this manner
enables you to identify isolated problems and determine which problems are part of more
systemic problems.  Systemic problems are often an indication that larger watershed problems
exist, which may warrant watershed-wide strategies.  This information was used when evaluating
the individual problem area mitigation options and incorporated into watershed-wide strategies,
where appropriate.

The second part of this task was to analyze individual problem areas and obstructions, determine
potential solutions, and provide recommendations.  All of the problem areas and obstructions
were evaluated and potential solutions were developed.  Where possible, the individual problem
areas and obstructions were modeled to determine approximate capacities to be used for
planning purposes.  Then a preliminary prioritization assessment was conducted to give a
watershed-wide overview of the severity of the existing problems.  The priority assessment also
provides general guidance on the relative order in which the problems should be addressed when
considered by individual municipalities or at a watershed-wide level.

PROBLEM AREA IDENTIFICATION

Identification and review of existing information concerning the Watersheds flooding and wet
weather issues within the project limits was conducted. Questionnaires were distributed to all of
the municipalities in Fishing Creek Watershed within Columbia County.  The questionnaire enabled
the municipalities to report up to three (3) known problem areas within their municipality.  Of the
18 municipalities with land area contributing to Fishing Creek Watershed in Columbia County, all
18 participated in the assessment process by returning completed questionnaires or providing
indirect feedback through other contacts.  The responses were reviewed and incorporated into
the assessment of problem area mitigation options. Field reconnaissance was subsequently
conducted to confirm problem area locations, assess existing conditions, identify problem area
causes, and gather data to complete a planning level analysis.

Each reported problem area is listed by study area in Tables 5.1, 5.2, 5.3, and 5.4.  A more detailed
explanation of each site can be found in Appendix C – Problem Area Mitigation Summaries, which
contains a summary of the data collected for each of the problem areas reported throughout
the Watershed.

Table 5.1 Upper Fishing Creek Study Area Problem Areas

ID Municipality Location Problem

UFC 1 Sugarloaf Township Village of Central &
Jamison City

Flooding from West Branch Fishing
Creek, numerous log jams and
debris buildup around Central

Road Bridges

UFC 2 Sullivan County Elk Grove Flooding due to upstream
impacts

UFC 3 Sugarloaf Township Central Road Flooding due to undersized
culvert
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ID Municipality Location Problem

UFC 4 Sugarloaf Township Market Street

Flooding caused by undersized
bridge waterway opening and
sediment build up under Market

Street bridge

UFC 5 Sugarloaf Township Central Road Debris and Sediment building
around Central Road bridge

UFC 6 Sugarloaf Township School House Drive

Flooding caused by undersized
bridge waterway opening and
sediment build up under School

House Drive bridge

UFC 7 Sugarloaf Township Camp Lavigne Road Sediment and Debris buildup in
stream channel and along banks

UFC 8 Benton Borough Benton Borough

Much of the borough is lower
than the top of bank for Fishing

Creek and much of the borough
is located within the FEMA
floodplain for Fishing Creek

UFC 9 Benton
Borough/Township

Distillery Hill Road
bridge

Debris and Sediment building
around Distillery Hill Road bridge

UFC 10 Benton Township Rohrsburg & Maple
Grove Road Flooding from Fishing Creek

Table 5.2 Middle Fishing Creek Study Area Problem Areas

ID Municipality Location Problem

MFC 1 & 3 Stillwater Borough
Lower Raven Creek
Road & Paperdale

Road

Much of the borough is lower
than the top of bank for Fishing

Creek and much of the borough
is located within the FEMA
floodplain for Fishing Creek

MFC 2 Stillwater Borough Paperdale & Buck
Road

Flooding caused by undersized
culverts and sediment/debris

buildup

MFC 4 Fishing Creek Township Ridge & Honeytown
Road

Flooding caused by undersized
culverts, lack of channel slope,
and sediment/debris buildup

MFC 5 Fishing Creek Township Zaner Bridge Road

Flooding caused by undersized
bridge waterway opening and
sediment build up under Zaner

Bridge Road bridge

MFC 6 Fishing Creek Township Winding & Harrison
Road

Flooding caused by undersized
culverts and sediment/debris

buildup
MFC 7 Fishing Creek Township Pealertown Flooding from Fishing Creek
MFC 8 Fishing Creek Township 2870 SR 487 Severe erosion of streambanks

MFC 9 Orange Township Moore's Grove
Flooding and heavy

sedimentation along Fishing
Creek

MFC 10 Orange Township Rohrsburg & Neyhart
Road

Flooding caused by lack of
stormwater management

infrastructure

MFC 11 Orange Township Green Creek &
Logging Road

Flooding caused by undersized
culvert and sediment/debris

buildup
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ID Municipality Location Problem

MFC 12 Orange Township Green Creek Road

Flooding caused by undersized
bridge waterway opening and
sediment build up under Green

Creek Road bridge

MFC 13 Orange Township Evans Lane
Flooding due to constrained

floodway and sediment/debris
buildup

MFC 14 & 16 Orange Township Mt. Pleasant Road Properties located in low lying
areas within the FEMA floodplain

MFC 15 Orange Township Mt. Pleasant Road
Bridge Stream Gauge

Stream gauge is exposed and at
risk of damage from flooding and

vandalism

MFC 17 Orange Township Charmund Road & SR
487

Flooding caused by insufficient
stormwater management

infrastructure

MFC 18 Orange Township Stony Brook Road & SR
487

Flooding caused by constrained
stream channel and

sediment/debris buildup at a
small backyard structure

MFC 19 Orangeville Borough Mt. Pleasant Road Flooding caused by undersized
culvert

MFC 20 Orangeville Borough Broad and Mill Street
Flooding caused by undersized
culverts and lack of stormwater

management infrastructure

MFC 21 Greenwood Township Rohrsburg Road

Flooding caused by undersized
bridge waterway opening and
sediment build up under Green

Creek Road bridge

Table 5.3 Little Fishing Creek Study Area Problem Areas

ID Municipality Location Problem

LFC1 Jackson Township Pole Bridge Road Flooding caused by undersized
culvert

LFC2 Jackson Township Pole Bridge Road and
SR 239

Flooding caused by undersized
culverts and sediment/debris

buildup

LFC3 Jackson Township Green Creek Road Flooding caused by undersized
culvert

LFC4 Pine Township Peterman Road
Flooding caused by undersized
culvert, poor stream alignment,

and sediment/debris buildup

LFC 5 Greenwood Township Mallard Road
Flooding caused by undersized
culverts and sediment/debris

buildup

LFC 6 Greenwood Township Village of Iola
Flooding caused by undersized

bridges, debris buildup, and
constrained floodplain

LFC 7 Millville Borough West Main Street
Bridge

Flooding caused by undersized
bridges, debris buildup, and

constrained floodplain
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Table 5.4 Hemlock Creek-Lower Fishing Creek Study Area Problem Areas

ID Municipality Location Problem

HC 1 Mount Pleasant Township Robbins Road bridge
Flooding caused by sediment
build up under Robbins Road

bridge

HC 2 Scott & Mount Pleasant
Township

Back Branch road
bridge Significant scouring of bridge piers

HC 3 Mount Pleasant Township Back Branch &
Millertown Road

Flooding caused by constricted
stream channel

HC 4 Mount Pleasant Township Back Branch Road Flooding caused by constricted
stream channel

HC 5 Mount Pleasant Township Millville & Millertown
Road

Flooding due to property being
located withing the FEMA

regulatory floodplain (SFHA) for
Fishing Creek

HC 6 Hemlock Township Peppermill and
Buckhorn Road

Flooding caused by undersized
culvert, poor stream alignment,

and sediment/debris buildup

HC 7 Hemlock Township Orchard Drive
Flooding caused by undersized
culverts and sediment/debris

buildup

HC 8 Hemlock Township Dahl Road Flooding caused by undersized
culvert

HC 9 Hemlock Township Frosty Valley and
Schoolhouse Road

Erosion along Hemlock Creek due
to runoff from I-80

HC 10 Hemlock Township Wanich Covered
Bridge

Flooding caused by constrained
stream channel from covered

bridge

HC 11 Hemlock Township Millville Road
Flooding caused by undersized
bridge and proximity to FEMA

floodplain
HC 12 Hemlock Township Ridge Road and SR 42 Erosion and flooding driveway

HC 13 Hemlock & Montour
Townships Perry Avenue Bridge

Flooding caused by undersized
bridge waterway opening and
sediment build up under Perry

Avenue bridge

HC 14/16 Hemlock Township &
Town of Bloomsburg Fernville Flooding in the village of Fernville

and West End of Bloomsburg

HC 15 Town of Bloomsburg Hoffman Park Erosion of the streambanks near
walking trail

HC 17 Town of Bloomsburg Boone's Dam Dam is currently in a state where
repairs may be required

HC 18 Scott Township Lake Florence Severe flooding occurs in this area

HC 19 Montour Township Hock Road Bridge Flooding caused by undersized
bridge waterway opening
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SECTION 6 – FLOODING AND WET WEATHER MITIGATION OPTIONS
After the problem areas were determined, mitigation measures needed to be proposed to
reduce the risk of flooding and increase resiliency after flooding has occurred. The proposed
mitigation measures and solutions fall into three categories: site mitigation options, nature based
mitigation options, and watershed strategy options. Site mitigation options, both structural and
nature based, are those that can be completed on individual problem areas, whereas watershed
strategy options are those that can be implemented through county wide ordinances and inter-
governmental/municipal cooperation to reduce the risk of flooding.

Site Mitigation Options

The site mitigation options considered include culvert replacements, bridge replacements,
roadway reprofiling, stormwater infrastructure improvements, floodplain restorations, riparian
forest buffer plantings, levees, sediment removal, stream realignments, property buyouts and/or
property floodproofing.

Culvert replacements are proposed where existing culverts were determined to be undersized
from field assessments and hydraulic modeling. Culvert replacements will increase the capacity
of the culverts, allowing the water to move downstream instead of creating localized flooding
and/or overtopping of roadways.

Bridge replacements are proposed where the existing hydraulic opening of the bridge was
determined to be undersized from field assessments, known flooding history, and hydraulic
assessments. Bridge replacements were also recommended based upon the current structural
integrity of the bridge.

Roadway reprofiling involves the vertical adjustment of the roadway to raise it above the flood
elevation. This option is usually paired with levees or culvert/bridge replacements to increase the
hydraulic capacity of the openings.

Levees provide structural protection for residential areas that were constructed within floodplains.
Levees can be compromised of many different materials, including earthen or MSE floodwalls.
Levees are proposed for areas where no other solution is probable and large scale property
buyouts and or floodproofing are not feasible.

Stormwater infrastructure improvements are proposed where a lack of infrastructure causes
flooding. Stormwater infrastructure improvements would include upsizing existing inlets and cross
pipes as well as installing new systems where current issues exist.

Property buyouts and floodproofing are proposed for properties with no other feasible option to
reduce flood risk. Flood buyouts involve the local municipality working with a federal and or state
agency to purchase the property at fair market value and demolish any existing structures.
Floodproofing can either involve elevating a home out of the floodplain or adding materials to
the home to increase the resiliency of the property. All buyouts and floodproofing eligibility will be
determined by the agency issuing the grant and must be voluntary for each individual property
owner.

Nature Based Mitigation Options

The nature based mitigation options considered included floodplain restorations, riparian forest
buffer plantings, sediment removal, stream realignments, conservation measures and green
stormwater infrastructure (also known as low impact development).

Floodplain restorations are proposed where legacy sediment and/or man placed fill has restricted
the original floodplain and floodway. Removing legacy sediment and fill will allow for a wide flow
path as well as slowing down the velocity of the flood flows. This will reduce erosion along the
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stream banks. Floodplain restorations are generally paired with other proposed mitigation options
to further mitigate flood levels.

Riparian forest buffers are proposed along streams within the watershed where meadows or farm
fields immediately abut the stream corridor. Riparian forest buffers increase the amount of
vegetation within the floodplain as well as the flood resiliency for erosion and decrease the
velocity of flood flows.

Sediment removal involves the removal of legacy sediment that has been deposited from large
storm events. Sediment removal is not a standalone mitigation measure and is only recommended
in conjunction with other mitigation measures that will reduce sediment deposits in the future (i.e.
floodplain reconnection, stream realignment, bridge/culvert replacements). Sediment removal
when combined with another measure will provide the stream channel a more natural or effective
cross section and reduce the risk of the sediment redepositing in the future.

Stream realignments are proposed where streams enter culverts and bridge openings at too sharp
of an angle. Stream realignments will allow for increased capacity for existing culverts and bridge
openings due to a decrease in overall flow length and losses due to sharp bends.

Green stormwater infrastructure, also known as low impact development practices, allows for
more natural hydrologic functions to occur through stormwater management practices that allow
for enhanced infiltration and evapotranspiration. These practices are useful at addressing site
scale stormwater management issues and could be used through retrofit at large scales to
decrease watershed flood flows. Some of the options identified in the Columbia County
Countywide Action Plan fall into the green stormwater management option category (CCCD,
2021).

Watershed Strategy Options

The watershed strategy options considered include were land use management (including
stormwater management ordinances or regulations), floodplain management, stormwater
management regulations, and early warning system.

Land use management options would include modifications to enhance flood protection and
increase stormwater management through county and municipal zoning ordinances, subdivision
and land development ordinances, and conservation land use protections. Additional discussion
of these options was included in Section 4.

Floodplain management options would include modifications to enhance flood protections
through ordinances and planning efforts through direct floodplain management ordinance
enactment or changes, river corridor planning and protection, and riparian zone protections.
Additional discussion of these options was included in Section 4.

A flood early warning system is used to warn property owners of pending floods and flooding
conditions and provide time for safe evacuation and relocation of moveable property to flood
damage. This would be in addition or expansion of existing flood warning systems through
enhancements in rainfall and stream flow monitoring to develop better, more accurate flood
predictions.



Fishing Creek Watershed Flooding Assessment and Mitigation Study 33

SECTION 7 - TECHNICAL ANALYSIS

TECHNICAL APPROACH SUMMARY

To provide technical guidance for the Fishing Creek Watershed Flooding Assessment and
Mitigation Study, a hydrologic model was prepared for the entire watershed and more detailed
hydraulic models were developed for specific areas within the Watershed.  The results from the
hydrologic models increase the overall understanding of watershed response to rainfall and help
guide mitigation efforts. Through the development and analysis of a hydrologic and hydraulic
modeling tool, mitigation strategies can be identified and applied on a county-wide basis to
evaluate longer term watershed changes while also addressing specific issues identified by the
individual communities in the Watershed.

The hydrologic methodology used in the technical approach is the Natural Resource
Conservation Service (NRCS) Rainfall-Runoff Method described in various NRCS publications
(NRCS, 2008a).  This method was chosen since it is the most common method used by designers
in Pennsylvania and has widely available data (NRCS, 2008b).  The calculations for this
methodology were performed with HEC-HMS, the US Army Corps of Engineers’ Hydrologic
Modeling System.

The hydraulic modeling tools utilized included the conveyance component of HEC-HMS, the US
Army Corps of Engineers River Analysis System (HEC-RAS), and Federal Highway Administration’s
HY-8 Culvert Hydraulic Analysis Program. HEC-RAS is the preferred tool for evaluations of open
channel riverine hydraulics and HY-8 was utilized to evaluate individual culverts outside of the
developed HEC-RAS model.

The hydrologic and hydraulic modeling approach in this study was to:

1. Establish a reasonable estimate of rainfall-runoff response under existing conditions,

2. Establish a reasonable estimate hydraulic conditions based on FEMA Flood Insurance
Study results or observations,

3. Provide an examination of the impact of the individual flood mitigation concepts at
various scales (site to watershed), and

4. Evaluate various combinations of recommended flood mitigation concepts based on
problem area/project prioritization results.

Information from public meetings and discussions with various public officials has been
incorporated to direct the focus of this modeling effort and to ensure the problem areas were
assessed throughout the Fishing Creek Watershed in Columbia County.

HYDROLOGIC MODEL

BASELINE MODEL PARAMETERS
The Baseline HEC-HMS model utilized available GIS data to create a baseline model for future
calibration and watershed-wide analysis. The model is comprised of subbasins, reaches, junctions,
and meteorological data. These components are the basis for peak flow and runoff volume
calculations.

SUBWATERSHED AREA
The subbasins are based on the Pennsylvania Small Watersheds GIS data from the Eastern
Pennsylvania Coalition for Abandoned Mine Reclamation. This data was then modified to create
232 subbasins within the Fishing Creek Watershed by utilizing USGS topographic maps as a
reference for subbasin delineations. All of the subbasins are less than 5.0 square miles, and since
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the drainage area for the Fishing Creek Watershed is approximately 385 square miles, the average
subbasin area is less than 2.0 square miles. The subbasins are named after their respective streams,
and subbasins designated with a ‘T’ are tributary subbasins (e.g. SHLCR01 is designated as the
most downstream subbasin for Hemlock Creek). The delineation of these subwatershed areas
created points of interest at junctions where the subwatersheds were hydraulically connected in
the HEC-HMS model. Maps of the Fishing Creek Watershed subareas and junction locations
considered in this study are provided in Appendix B. Excerpts of the subarea map is shown in
Figure 7.1 and the junction map is shown in Figure 7.2.

Each subbasin is defined by a SCS Curve Number and a SCS Unit Hydrograph. The curve number
is used to calculate runoff volume for each subbasin, and the unit hydrograph is used to calculate
how quickly the runoff volume travels across the subbasin. Together, the curve number and unit
hydrograph are used to calculate the peak flow for each subbasin.

SOILS AND LAND USE
The SCS Curve Number for each subbasin is based on the 2019 Land Cover GIS data from the
National Land Cover Database and the National Resources Conservation Service Soils GIS data
from the United States Department of Agriculture. Curve number values are dependent on land
cover and soil types, hence the intersection of these data sets is needed to calculate the curve
number for each subbasin.

LAG TIME
The SCS Unit Hydrograph for each subbasin is based on the calculated lag time. The lag time is
dependent on the curve number, flow length, and average land slope for each subbasin. The
watershed lag method was utilized to calculate lag time, which applied the Mockus equation for
the flow length calculation and the Chow equation for the average land slope calculation for
each subbasin.

Lag time is the transform routine when using the NRCS Curve Number Runoff Method.  Lag can be
related to time of concentration using the empirical relation:

CLag TT *6.0=

Lag time values for the subwatersheds were based on NRCS Lag Equation and altered as
described in Appendix A:

Y
SLTLag 1900

)1( 7.0
8.0 +=

Where: Tlag = Lag time (hours)

L = Hydraulic length of watershed (feet)

Y = Average overland slope of watershed (percent)

S = Maximum retention in watershed as defined by:  S = [(1000/CN) – 10]

CN = Curve Number (as defined by the NRCS Rainfall-Runoff Method)

For comparison purposes, a lag time was also calculated for each subwatershed using the TR-55
segmental method.  Given the rural landscape of Columbia County, the best estimate for time of
concentration calculation was provided by the NRCS lag equation.

INFILTRATION AND HYDROLOGIC LOSS ESTIMATES
Infiltration and all other hydrologic loss estimates (e.g., evapotranspiration, percolation,
depression storage, etc.) were modeled using the standard initial abstraction in the NRCS Rainfall-
Runoff Method (i.e., Ia = 0.2S) for the existing conditions and future conditions models.
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Figure 7.1 Fishing Creek Watershed Hydrologic Model Subbasin Example
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Figure 7.2 Fishing Creek Hydrologic Model Junctions Example
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REACH LENGTHS, SLOPES, AND CROSS SECTION DIMENSIONS
The reaches are based on the National Hydrology Dataset Flowline GIS data from the United
States Geological Survey. This data was then modified to create 131 reaches within the Fishing
Creek Watershed by utilizing the previously completed subbasin delineations. The total length for
all the reaches is approximately 182 miles and the average reach length is less than 1.5 miles. The
reaches are named after their respective streams, which ultimately represent the major streams
within the Fishing Creek Watershed (e.g. RHLCR01 is designated as the most downstream reach
for Hemlock Creek).

Each reach is defined by the Muskingum-Cunge routing method. This method utilizes reach length,
slope, cross sections, manning’s n values, and index flows. Together, these parameters are used
to calculate how quickly flow travels from the upstream portion of a reach to the downstream
portion of a reach. The reach parameters do not have an impact on runoff volume calculations,
but they do have an impact on peak flow timing and ultimately peak flow values. Figure 7.1 shows
the dimensions as they are approximated.

Figure 7.1  Cross Sections Used for Reaches in HEC-HMS Model

The slope for each reach is based on the Topographic Contours GIS data from the DCNR PAMAP
Program. The upstream and downstream elevations for each reach was obtained from this data,
and the reach slope was calculated by the difference in elevations over the calculated reach
length. The slope for each reach is greatly dependent on the topography of the surrounding area,
and the average reach slope for the Fishing Creek Watershed is less than 1.5%.

The cross section for each reach is based on the Nation Flood Hazard Layer GIS data from the
Federal Emergency Management Agency, Topographic Contours GIS data from the DCNR
PAMAP Program, and the Scientific Investigations Report 2018-5066 from the United States
Geological Survey. Each reach is comprised of an eight-point cross section which generally
outlines the channel and floodplain geometries. The channel geometry for each reach is
determined by the bankfull linear regression equations presented in the 2018-5066 report, and the
floodplain geometry is determined by FEMA data when available, or by contour data when FEMA
data is not available. Overall, the floodplain benches are assumed to have a 5% cross slope, and
the cross section geometry is assumed to be symmetrical. More detailed cross sections can be
found in the HEC-RAS model.

The manning’s n values for each reach are based on the Columbia, Luzerne, and Sullivan County
Flood Insurance Studies from the Federal Emergency Management Agency. Each cross section
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for each reach is comprised of three manning’s n values: channel, left bank, and right bank. The
channel manning’s n values are approximated as the average channel manning’s n value from
the respective study for the respective stream on a watershed basis. The left and right manning’s
n values are approximated as the average overbank manning’s n value from the respective study
for the respective stream on a watershed basis. The average channel manning’s n value for the
entire Fishing Creek Watershed is approximately 0.045. The average overbank manning’s n value
for the entire Fishing Creek Watershed is 0.083. More detailed manning’s n values can be found in
the HEC-RAS model.

The index flows for each reach are based on the first iteration of model runs. Index flows are
approximated to be half of the peak flow from the first iteration of model runs for each event
along each reach. While index flows can affect peak flow calculations due to changes in
computations, changes in index flows have a marginal effect on peak flows.

The junctions are based on the downstream and upstream points for each reach, and the
junctions serve as hydraulic connections for the subbasins and reaches. There are 132 junctions
throughout the Fishing Creek Watershed model, and the junctions are named after their
respective streams (e.g. JHLCR01 is designated as the most downstream junction for Hemlock
Creek).

The meteorological data is based on the SCS Type 2 Hypothetical Storm and the Point
Precipitation Frequency Estimates from the National Oceanic and Atmospheric Administration
Atlas 14, Volume 2, Version 3. The location for these estimates is near Benton Borough and Stillwater
Borough along Fishing Creek. This location was chosen since it is the approximate centroid of the
Fishing Creek watershed. Values for the 2, 10, 25, 50, 100, and 500-year 24-hour event were
determined at this location and used for the entire watershed. As a reference, the 2-year 24-hour
event is 2.87 inches and the 100-year 24-hour event is 6.92 inches.

The peak flow and runoff volume calculations are based on running the model over a 72-hour
time period at 5-minute time intervals. The peak flows calculated by the baseline model are
generally higher than the flows calculated by FEMA, which is expected. The baseline model
utilized curve numbers, which is a conservative approach, and the FEMA reports utilized regression
equations for their peak flow calculations within the Fishing Creek watershed.

CALIBRATED MODEL
The Calibrated HEC-HMS model utilized flow data from multiple sources to calibrate the Baseline
HEC-HMS model. The main sources of calibration were from three stream gauges from the United
States Geological Survey, and the Federal Emergency Management Agency Flood Insurance
Studies for Columbia, Luzerne, and Sullivan Counties. These sources, along with additional analysis,
provided a means to calibrate the baseline model.

The three stream gauges of interest were USGS 01539000 Fishing Creek near Bloomsburg (drainage
area of 274 sq. mi.), USGS 01540000 Fishing Creek at Bloomsburg (drainage area of 355 sq. mi.),
and USGS 01539500 Little Fishing Creek at Eyers Grove (drainage area of 56.5 sq. mi.).
Unfortunately, USGS 01540000 and 01539500 did not have enough data to justify using them for
calibration purposes since they each had approximately 20 years’ worth of data from the early
1900s. Fortunately, USGS 01539000 has been in operation since the early 1900s and is still operating
– making the stream gauge ideal for calibration purposes. Additionally, USGS 01539000 accounts
for over 70% of the entire drainage area for the Fishing Creek watershed.

The FEMA FIS reports provide peak stream flows for multiple locations throughout the Fishing Creek
Watershed for the 10, 50, 100, and 500-year event. These flows are generally based on regression
equations and are the basis for water surface calculations for the FEMA Flood Insurance Rate
Maps. USGS 01539000 is best represented by the FEMA flows provided for Fishing Creek with a
drainage area of 292 sq. mi.. The peak stream flows provided by FEMA for this location are
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approximately equal to the proportioned peak stream flows calculated by the Weibull Distribution
Method for USGS 01539000. Therefore, the FEMA flows were considered sufficient for calibration
purposes and the confluence of Fishing Creek with the Susquehanna River was chosen as the
focal point for calibration.

Since FEMA flows were chosen as the main source of calibration, the 2-year and 25-year storm
events did not have a formal basis for calibration since FEMA only calculated flows for the 10, 50,
100, and 500-year storm events. Therefore, the 2-year and 25-year flows had to be calibrated
based on an interpolation and extrapolation process utilizing FEMA flows and the Weibull
Distribution Method for the three stream gauges.

The calibration process generally used volume factors to modify curve numbers, which were
approximately based on differences between flows from the baseline model and flows provided
by FEMA on a drainage area basis. The volume factors were applied across the entire Fishing
Creek watershed, and they are primarily dependent on the storm event (see Table 7.1). Generally,
the baseline calculations for smaller storm events were closer to FEMA flows than larger events.

Table 7.1 Volume Factors by Event

Storm Event Volume Factor

2-year 0.81

10-year 0.79

25-year 0.76

50-year 0.74

100-year 0.71

500-year 0.66

The results of the model indicate that the calibrated peak stream flows are generally greater than
the FEMA peak stream flows provided in the FIS reports, which is expected. The FEMA flows
generally utilized regression equations which are mainly dependent on drainage area
characteristics. Whereas the HEC-HMS model considers the conveyance of runoff and joining of
flows throughout the watershed, along with drainage area characteristics. Ultimately, the flows
calculated for the calibrated model are conservative and should only be used as a reference for
preliminary matters.

WATERSHED SCALE FLOOD MITIGATION OPTIONS EVALUATIONS
Agriculture to Meadow Model

The Agriculture to Meadow HEC-HMS model analyzed the effects of agriculture land use on
stream flows throughout the watershed. The intent of the model was to show how much stream
flows would decrease if agriculture land use areas were returned to a more natural state, and
conversely, how much stream flows have increased due to the clearing of land for agriculture.

To complete this task, all of the agriculture land use within Columbia County was changed to a
meadow land use. Curve numbers and lag times were updated for each subbasin, and index
flows were updated for each reach. The updated parameters were then analyzed in the model
for various storm events, and the results were compared to the baseline and calibrated
calculations.

The results of the model indicate that agriculture land use has a robust effect on stream flows
throughout the watershed. For the 10-year event, the largest reduction in peak stream flow for a
single junction was 41%. Granted, the scale of this reduction is due to 100% of the available
agriculture land use being changed to meadow land use, which is not practical or realistic.
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Overall, peak flow differences were more apparent for smaller storms events than for larger storm
events.

Developed to Meadow Model

The Developed to Meadow HEC-HMS model analyzed the effects of developed land use on
stream flows throughout the watershed. The intent of the model was to show how much stream
flows would decrease if developed land use areas were returned to a more natural state, and
conversely, how much stream flows have increased due to the clearing of land for development.

To complete this task, all of the developed land use within Columbia County was changed to a
meadow land use. Curve numbers and lag times were updated for each subbasin, and index
flows were updated for each reach. The updated parameters were then analyzed in the model
for various storm events, and the results were compared to the baseline and calibrated
calculations.

The results of the model indicate that developed land use has a lesser effect than agriculture land
use on stream flows throughout the watershed. For the 10-year event, the largest reduction in peak
stream flow for a single junction was 5%. Granted, the scale of this reduction is due to 100% of the
available developed land use being changed to meadow land use, which is not practical or
realistic. Overall, peak flow differences were more apparent for smaller storms events than for
larger storm events.

35 ft Riparian Buffers Model

The 35 ft Buffers HEC-HMS model analyzed the effects of riparian buffers on stream flows
throughout the watershed. The intent of the model was to show how much stream flows would
decrease if agriculture/barren land use areas within 35 ft of a surface water were returned to a
more natural state, and conversely, how much stream flows have increased due to the clearing
of land along stream corridors.

To complete this task, all of the agriculture/barren land use within the Restoration Opportunity
Areas defined by the Columbia County 35 ft Buffers GIS data from the Chesapeake Conservancy
was changed to a meadow land use. Curve numbers and lag times were updated for each
subbasin, and manning’s n values and index flows were updated for each reach. The updated
parameters were then analyzed in the model for various storm events, and the results were
compared to the baseline and calibrated calculations.

The results of the model indicate that implementing 35 ft riparian buffers would have a negligible
effect on stream flows throughout the watershed. For the 10-year event, the largest reduction in
peak stream flow for a single junction was 0.4%. However, this reduction is due to 100% of the
available agriculture/barren land use within 35 ft buffer restoration opportunity areas being
changed to meadow land use, which is not practical or realistic. Overall, peak flow differences
were more apparent for smaller storms events than for larger storm events.

100 ft Riparian Buffers Model

The 100 ft Riparian Buffers HEC-HMS model analyzed the effects of buffers on stream flows
throughout the watershed. The intent of the model was to show how much stream flows would
decrease if agriculture/barren land use areas within 100 ft of a surface water were returned to a
more natural state, and conversely, how much stream flows have increased due to the clearing
of land along stream corridors.

To complete this task, all of the agriculture/barren land use within the Restoration Opportunity
Areas defined by the Columbia County 100 ft Riparian Buffers GIS data from the Chesapeake
Conservancy was changed to a meadow land use. Curve numbers and lag times were updated
for each subbasin, and manning’s n values and index flows were updated for each reach. The
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updated parameters were then analyzed in the model for various storm events, and the results
were compared to the baseline and calibrated calculations.

The results of the model indicate that implementing 100 ft riparian buffers would have a negligible
effect on stream flows throughout the watershed. For the 10-year event, the largest reduction in
peak stream flow for a single junction was 1%. However, this reduction is due to 100% of the
available agriculture/barren land use within 100 ft buffer restoration opportunity areas being
changed to meadow land use, which is not practical or realistic. Overall, peak flow differences
were more apparent for smaller storms events than for larger storm events.

Wetland Restoration Model

The Wetland Restoration HEC-HMS model analyzed the effects of wetland restoration on stream
flows throughout the watershed. The intent of the model was to show how much stream flows
would decrease if restorable wetland areas were returned to a more natural state, and
conversely, how much stream flows have increased due to the destruction of wetlands.

To complete this task, the total area of non-developed land use within the 100-year and 500-year
floodplain areas defined by the Special Flood Hazard Layer GIS data from the Federal Emergency
Management Agency, and within the Modeled Restorable Wetlands of Pennsylvania GIS data
from the University of Vermont Spatial Analysis Laboratory, was multiplied by 1.0 ft to approximate
the potential wetland storage volume for each subbasin within Columbia County. The calculated
storage volumes were then used to reduce runoff volumes and ultimately modify curve numbers
for each subbasin. Additionally, index flows were updated for each reach. The updated
parameters were then analyzed in the model for various storm events, and the results were
compared to the baseline and calibrated calculations.

The results of the model indicate that restoring wetlands has a robust effect on stream flows
throughout the watershed. For the 10-year event, the largest reduction in peak stream flow for a
single junction was 47%. Granted, the scale of this reduction is due to 100% of the available
restorable wetlands within the FEMA defined floodplain being restored, which is not practical or
realistic. Overall, peak flow differences were more apparent for smaller storms events than for
larger storm events.

Floodplain Reconnection Model

The Floodplain Reconnection HEC-HMS model analyzed the effects of floodplain reconnection on
stream flows throughout the watershed. The intent of the model was to show how much stream
flows would decrease if floodplain areas were reconnected to their streams, and conversely, how
much stream flows have increased due to the disconnection of floodplains.

To complete this task, the total area of non-developed land use within the 100-year floodplain
areas (excluding floodway) defined by the Special Flood Hazard Layer GIS data from the Federal
Emergency Management Agency was multiplied by 1.0 ft to approximate the potential floodplain
reconnection volume for each reach within Columbia County. The calculated volumes were then
used to create ratios based on the total 100-year floodplain area (including floodway) for each
reach, and these ratios were then used to lower the floodplain bench for each cross section of
each reach. Additionally, index flows were updated for each reach. The updated parameters
were then analyzed in the model for various storm events, and the results were compared to the
baseline and calibrated calculations.

The results of the model indicate that floodplain reconnection has a modest effect on stream
flows throughout the watershed. For the 10-year event, the largest reduction in peak stream flow
for a single junction was 8%. Granted, the scale of this reduction is due to 100% of the available
non-developed floodplain areas being reconnected, which is not practical or realistic. Overall,
peak flow differences were more apparent for smaller storms events than for larger storm events.
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Countywide Action Plan Model

The Countywide Action Plan HEC-HMS model analyzed the effects of the Columbia County
Countywide Action Plan on stream flows throughout the watershed. The intent of the model was
to show how much stream flows would decrease if all of the Columbia County initiatives were
implemented in the Columbia County portion of the Fishing Creek watershed.

Table 7.2 Countywide Action Plan Model Components

Watershed
Agriculture to

Meadow
(acres)

Developed to
Meadow
(acres)

Buffers – 100
feet wide

(acre)

Bee Sellers Hollow 0 19 8
Coles Creek 0 93 2
Deerlick Run 645 95 24
Devil Hole Run 274 44 4
East Branch Raven Creek 0 59 9
Fishing Creek 0 0 138
Green Creek 1313 274 42
Hemlock Creek 1290 337 50
Little Fishing Creek 0 653 74
Little Green Creek 357 67 10
Little Pine Creek 0 55 11
Mud Run 1165 205 68
Raven Creek 0 105 30
Spruce Run 0 91 14
West Creek 0 162 30
York Hollow 137 33 5

To complete this task, components of the Countywide Action Plan were separated into categories
that best fit previously completed models. Some of the proposed actions could be described by
the previously completed models, while others could not. While several actions proposed wetland
restoration and floodplain reconnection, these actions did not propose enough land area to
include in the model. Therefore, only actions that best exemplified the Agriculture to Meadow,
Developed to Meadow, or 100 ft Buffers model were used for the Countywide Action Plan model.
The land areas proposed for these actions were then distributed on a watershed basis. This
distribution of land area was dependent on watersheds that exemplified large differences in flows
per previously completed models, and the assumption that only 25% of the available land area
would be available for their respective changes (a table summarizing the area distribution is
presented below). Once the distribution was completed, curve numbers and lag times were
updated for each subbasin, and index flows were updated for each reach. The updated
parameters were then analyzed in the model for various storm events, and the results were
compared to the baseline and calibrated calculations.

The results of the model indicate that the Columbia County Countywide Action Plan would have
a modest effect on stream flows throughout the watershed. For the 10-year event, the largest
reduction in peak stream flow for a single junction was 8%. Considering the assumptions for the
model, the scale of this reduction is considered practical and realistic. Overall, peak flow
differences were more apparent for smaller storms events than for larger storm events.
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WATERSHED MODELING DISCUSSION
The HEC-HMS models developed for the Fishing Creek Watershed indicate that the watershed is
very large and that substantial improvements would be needed to decrease stream flows
throughout the watershed.

While the models are based on current rainfall data, consideration should be given to future
conditions when utilizing the flows calculated by these models or when making decisions related
to flooding.

Based on data provided by Stream Gauge 01539000 from the United State Geological Survey,
and data for the Williamsport Area from the National Oceanic and Atmospheric Administration,
flooding occurrences have been increasing over the last 80 years, and based on current
trendlines, may continue increasing. Annual mean flow, annual total precipitation, annual
average temperature, and annual minimum temperature have all increased over the last 80
years. Additionally, seasonal total snowfall has decreased, and annual maximum temperature
has remained relatively constant over the last 80 years. The results from this analysis indicate that
peak stream flows may also be impacted by increases in temperature and precipitation, in
addition to changes in land use.

Regardless, actions should be taken on a watershed-wide basis to help mitigate flooding
occurrences. Modifications to agriculture and developed land uses, along with the reconnection
of floodplains and restoration of wetlands, should all be considered to help decrease stream flows.
Although riparian buffers may not substantially decrease stream flows, buffers along stream
corridors would help control erosion and sedimentation while maintaining a healthy stream cross
section and satisfying water quality needs. By implementing a multi-faceted approach
throughout the Fishing Creek watershed, stream flows can be reduced, and flooding occurrences
would decrease as a result.

HYDRAULIC MODEL

HEC-RAS ANALYSIS
The United States Army Corp of Engineers (USACE) Hydrologic Engineering Center River Analysis
System (HEC-RAS) program version 6.1 was used to calculate water surface elevations for the 2,
10, 25, 50, 100, and 500-year storms for various stream reaches within Columbia County (See Table
7.3). All USACE HEC-2 Water Surface Profiles (predecessor to HEC-RAS) and United States
Geological Survey (USGS) Water Surface Profile (WSPRO) hydraulic models were received from
FEMA and converted to a HEC-RAS model utilizing the HEC-2 User Manual dated September 1990,
the HEC-RAS version 6.1 User Manual for reproducing HEC-2 results, and engineering judgment. All
other stream reaches were developed in HEC-RAS utilizing publicly available data for topography
and data received from Columbia County and PennDOT for any bridges.

Table 7.3 HEC-RAS Model Summary by Sub-Model Area

Stream Name Downstream Limit Upstream Limit
FEMA HEC-2
Available?

Fishing Creek Confluence with
Susquehanna River

Approximately 1,500 ft
upstream of Fleckenstein
Grove by Kee Equipment

Services

Yes

Fishing Creek
(Stillwater)

Southern Border of
Stillwater Borough Fishing Creek Veterinary Clinic No

Fishing Creek (Benton) Downstream of Sokol
Quarries

Upstream of the Mill Race
Golf Course Dam Yes

West Branch Fishing
Creek

South of Central Road
Bridge by Steven Hill Road Border of Sullivan County No
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Stream Name Downstream Limit Upstream Limit
FEMA HEC-2
Available?

Little Fishing Creek
(Millville)

South of Boyer Bottom
Road North of PA 442 No

West Creek Confluence with Fishing
Creek Upstream of 239 Yes

Hemlock Creek Confluence with Fishing
Creek North of Interstate 80 Yes

Model Development

The hydraulic analysis in this study was completed using the USACE HEC-RAS version 6.1 program.
For all models converted from HEC-2 to HEC-RAS, a ‘duplicate model’ was developed to
reproduce the results published in the FEMA Flood Insurance Study (FIS) for Columbia County
effective on August 19, 2008. Minor differences were noted between the results produced by both
programs. The biggest differences were noted around the bridges and the dams. These
differences can be attributed to the difference in the hydraulic computation of bridges. HEC-RAS
can analyze the same geometric bridge input with several methods and utilizes four cross sections
to compute energy losses due to the structure. HEC-2 required either the normal or special bridge
routines to be chosen with each routine requiring different geometric input data. The special
bridge routine uses a trapezoidal approximation of the bridge’s hydraulic opening whereas HEC-
RAS uses the bridge and cross-sectional geometry to determine the hydraulic opening. The HEC-
2 special bridge routine computes pressure flow as if both the upstream and downstream sides of
the bridge is fully submerged whereas HEC-RAS can compute pressure flow when only the
upstream side or both sides of the bridge is fully submerged. The normal bridge routine computes
low flow and high flow conditions using the energy equation. Since HEC-RAS has the option to also
do this, the results were similar with small differences based on how piers are modeled. The
Manning’s “n” values used in HEC-2 were compared with aerial imagery and were found to be
relatively consistent with the current land cover in Columbia County. As such, only the Manning
“n” values for cross sections located near identified problem areas were refined. This process was
chosen due to the significant length of stream analyzed and the strict time frame of the study. All
Manning “n” values used were consistent with the Columbia County Flood Insurance Study (FIS).

All HEC-RAS models not developed from FEMA HEC-2 data were developed utilizing publicly
available resources such as Light Detection and Ranging (LiDAR) topographic data and bridge
data received from Colombia County and PennDOT. Manning’s “n” values were selected based
upon aerial imagery, The Hydraulic Reference Manual by the U.S. Army Corps of Engineer’s
Hydrologic Engineering Center and engineering judgment. Manning’ “n” values ranged from
0.030-0.050 in the channel and 0.013-0.120 in the over bank areas.

The expansion and contraction coefficients were based on guidance from the HEC-RAS Hydraulic
Reference Manual and engineering judgment.  A 0.1 contraction coefficient and a 0.3 expansion
coefficient were used at cross sections with gradual transitions.  A 0.3 contraction and 0.5
expansion coefficient for the existing and proposed bridges were used.

A normal downstream boundary condition was used for all Study developed HEC-RAS models. All
HEC-RAS models utilized Study developed flows except for Fishing Creek in Benton and West
Creek. This is because Study developed flows were less than FEMA developed flows. Flow change
locations were added at all junction locations from the HEC-HMS model (see Tables 7.4 through
7.9).
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Table 7.4 Fishing Creek Watershed Study Developed Flow Rates by Location of Flow Changes

Cross Section Flow
Change Location

2-Year
(cfs)

10-Year
(cfs)

25-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 7,362 18,197 30,627 35,634 45,729 81,544

At Moore’s Grove 7,355 18,200 30,584 35,574 45,640 81,104
Upstream of
Orangeville 8,497 20,436 34,009 39,531 50,659 90,108

At Fishing Creek
Campground 8,643 20,673 34,330 39,897 51,102 90,720

Upstream of Kocher
Park 8,620 20,703 34,267 39,790 51,012 90,351

Upstream of the
Sediment Pond 8,638 20,740 34,279 39,786 50,961 90,000

Between Hoffman
Park and the

Sediment Pond 8,695 20,833 34,382 39,893 51,059 89,989
Upstream of

Interstate 80 Bridge 10,293 24,243 39,968 46,539 59,713 105,721

At the Confluence
with Hemlock Creek 10,334 24,370 39,922 46,357 59,132 103,472

Table 7.5 Fishing Creek – Benton Area Study Developed Flow Rates by Location of Flow Changes

Cross Section Flow
Change Location

10-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 7,080 12,900 16,200 24,400

At the Confluence
with West Creek 8,320 14,700 18,200 27,200

Upstream of
Rohrsburg Road

Bridge
8,510 15,100 18,600 27,400

Table 7.6 West Branch Creek – Sugarloaf Area Study Developed Flow Rates by Location of Flow
Changes

Cross Section Flow
Change Location

2-Year
(cfs)

10-Year
(cfs)

25-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 7,720 3,440 6,400 7,720 10,320 19,820

Table 7.7 Little Fishing Creek – Millville Area Study Developed Flow Rates by Location of Flow
Changes

Cross Section Flow
Change Location

2-Year
(cfs)

10-Year
(cfs)

25-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 1,799 4,449 7,389 8,746 11,134 18,842
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Table 7.8 West Creek – Benton Area Study Developed Flow Rates by Location of Flow Changes

Cross Section Flow
Change Location

10-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 2,450 4,790 6,170 9,720

At the Benton
Area Rodeo
Associates

2,630 5,130 6,610 10,300

Table 7.9 Hemlock Creek Study Developed Flow Rates by Location of Flow Changes

Cross Section Flow
Change Location

2-Year
(cfs)

10-Year
(cfs)

25-Year
(cfs)

50-Year
(cfs)

100-Year
(cfs)

500-Year
(cfs)

At the Upstream
Limits 777 2,168 3,720 4,396 5,669 9,911

Model Calibration

The Fishing Creek HEC-RAS model with Study developed flow was calibrated utilizing the stage-
discharge curve from the USGS stream gauge located at the Mount Pleasant Road Bridge in
Orangeville.

The Fishing Creek (Benton) model with FEMA flows matched well with photographic and video
footage of the flash flooding event that occurred on July 25, 2018. No further calibration of the
model was performed.

No other models were calibrated due to limited stream level monitoring data. For future studies,
high water marks, anecdotal evidence from resident, along with video and photographic
evidence of flooding resulting from Tropical Storm Lee and other well documented storms could
be used to further refine developed HEC-RAS models.

Figure 7.1 shows a still shot of a video taken on July 25, 2018 which shows high water marks
upstream of the Main Street Bridge in Benton Borough.  Local rainfall data and the stage-
discharge curve from the USGS stream gauge for this storm event closely corresponds to the 10-
year return period storm event. The high water marks on the Main Street Bridge matches the results
produced from the HEC-RAS modeling of the 10-year storm event for Fishing Creek (Benton)
utilizing FEMA published flows.
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Figure 7.1 July 25, 2018 storm event shows water within Fishing Creek (Benton) just below the bridge
low chord. This still shot was taken from a video uploaded to YouTube by a local resident (Redneck
News Benton).

Existing Conditions Analysis

The existing conditions plans were developed utilizing the calibrated geometry of Fishing Creek,
the duplicate models of Fishing Creek (Benton), West Creek, and Hemlock Creek, and the HRG
developed geometry for Fishing Creek (Stillwater), Little Fishing Creek (Millville), and West Branch
Fishing Creek along with the flows referenced in Tables 7.4 through 7.9.

Proposed Conditions: Problem Area Analysis

A copy of the plans used in the Existing Conditions Analysis file were used to analyze each problem
area when evaluated utilizing HEC-RAS. All problem areas were evaluated separately, this was
done to produce the result as if no other projects were completed for each problem area.

Proposed-Conditions Agriculture to Meadow/Developed to Meadow analysis

For the proposed agriculture to meadow and developed to meadow HEC-RAS runs, a copy of
the existing conditions for Fishing Creek, Fishing Creek (Benton), and Hemlock Creek, as
referenced in the Existing-Conditions Analysis section, was used along with flows generated in
the HEC-HMS Agriculture to Meadow and Developed to Meadow HEC-HMS model. See the
Hydrology portion of this section for detailed discussion on the hydrological analysis and
Appendix B for the results.

Proposed Conditions: Prioritized Problem Area Projects and CAP analysis

For the proposed County Wide Action Plan (CAP) HEC-RAS runs, new geometry files were
developed for the high, high-medium, and high-medium-low priority problem areas as assessed
through the prioritization of problem area solutions. These geometry files were created by first
using a copy of the existing conditions for Fishing Creek, Fishing Creek (Benton), West Creek, and
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Hemlock Creek, as referenced in the Existing-Conditions Analysis section, and then adding in the
proposed conditions geometry data from the Proposed-Conditions Problem Area Analysis
section. This process results in a maximum of three geometry files for each of the four stream
corridors analyzed. Each of these geometries were then modeled utilizing the flows discussed in
the Model Development section. Additionally, a final model run was done utilizing the high-
medium-low geometry file and the CAP flow rates generated in the HEC-HMS CAP model, which
is further discussed in the Hydrology portion of this section. This process results in multiple models
which analyze the impacts of different level of project implementation throughout the four
stream reaches. See Appendix D for the results.

HY-8 ANALYSIS
Model Development

When investigating problem areas where a HEC-RAS Model was not developed to perform an
analysis, the Federal Highway Administration’s (FHWA) HY-8 Culvert Hydraulic Analysis Program
was used to determine what year storm would cause the roadway to overtop at the specified
problem area. Required input values to run the HY-8 application include channel width, roadway
elevation, invert elevation, channel slope, pipe/culvert size, peak flow rates, etc. Input values for
the existing conditions of each site were determined utilizing information gathered from site visits,
aerial imagery, LiDAR, data received from Columbia County and PennDOT, and engineering
judgement. Peak flow rates were determined using HRG determined flow values, which can be
found in Appendix B. When HRG determined flow values were not available for a reach, the United
States Geological Survey (USGS) StreamStats web application for estimating stream peak flow
rates.

OPEN CHANNEL FLOOD MITIGATION OPTIONS EVALUATION RESULTS

PROPOSED CONDITIONS PROBLEM AREA RESULTS
Problem area solutions typically fell into three types of solutions: infrastructure improvements,
floodplain restorations, and channel modifications. Infrastructure improvements consist of
improving, constructing, or removing bridges, dams, culverts, levees, roadways, and
implementing individual property improvements. Stream restorations are a type of flood mitigation
best management practice (BMP) where the main goal is to increase the conveyance capacity
of the floodplain to a more historical and natural condition. Channel modifications largely consist
of maintenance activities such as debris management and accumulated sediment removal.

In general, implementation of problem area solutions result in localized improvements around the
identified problem areas, but provide limited improvements to downstream or upstream locations.
Problem areas located within minor tributaries to Fishing Creek had more implementable
mitigation solutions whereas many problem areas located along or near the main branch of
Fishing Creek contained little to no cost effective solution for mitigating flooding. This is attributed
to two main issues found within the watershed. The first issue is the significant drainage area of
Fishing Creek and the sheer volume of water that is conveyed through the channel and
floodplain. The second issue is how the majority of infrastructure and the layout of the boroughs,
such as Orangeville, Benton, and Stillwater, were built and designed. Throughout these
communities, structures and buildings are constructed as close as 50 feet from the edge of the
Fishing Creek banks. Additionally, these municipalities are located at an average elevation that
is lower than the top elevation of the Fishing Creek banks. The problem with this is once peak flood
elevations reach above the elevation of the banks, then the majority of the Town that is below
this elevation is quickly flooded.  Along with this, many of the major bridges that are located over
Fishing Creek have a low chord elevation (bottom of the bridge deckway) that is higher than the
average elevation of the Town. Additionally, these bridges are not designed to be able to handle
large storm events through the bridge’s hydraulic opening. Rather, bridges rely heavily on the
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hydraulic capacity of the floodplain to convey flows past the bridge, which is where the Boroughs
are situated (in the floodplains).

These existing problems create a significant challenge when looking for potential solutions to
mitigate flooding. Improving the bridges provide minimal change in the quantity of property
flooding because the Boroughs are already under water by the time flood elevation reaches the
bridge deck. Increasing the available floodplain is also a challenge since the Boroughs and many
populated areas in the Townships are essentially located within the only floodplain that is available
to convey flow during these high storm events. One solution to this is to construct levees to protect
the Boroughs. Although levees are technically feasible to construct, the design and construction
of these levees are extremely costly and most municipalities located within Fishing Creek
Watershed in Columbia County are not dense enough for the benefits of the levees to outweigh
the significant construction costs, not including the environmental impact to the stream resource.

PROPOSED CONDITIONS: PRIORITIZATION AND CAP RESULTS

The hydraulic results for the prioritization runs were similar to the results on the individual problem
areas as discussed in the section above. The implementation of problem areas results in located
improvements, but water surface profiles and stream velocities converge shortly upstream and
downstream of the improvements. Implementation of multiple improvements just provide more
areas of localized improvements, but the reach wide profile generally remains the same. With
the additional implementation of the CAP, there is a reduction of peak stream flows throughout
the watershed.
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SECTION 8 – BASIS OF COSTS
The assessment of Problem Area projects utilized cost estimation data for use in planning level
screening, comparison of conceptual solutions, and prioritization of Problem Areas. The data was
derived from recently evaluated construction cost data from publicly bid projects of similar scope
and scale of those proposed in the Study.

Tabulated and unit costs used the analysis are updated frequently, considered appropriate and
accurate for projects bid in 2022 and are relevant to the central Pennsylvania region. The cost
opinions created are to be considered Level 4 cost estimates, as designated by The Association
for the Advancement of Cost Engineering Recommended Practice No. 18R-97 (AACE, 2005), and
actual costs are expected to fall within a range of 30% less to 50% more than the cost opinions
given in Appendix C. This estimate class and accuracy is appropriate for planning level use.

Quantities were calculated using aerial imagery, LiDAR, and engineering judgment. The cost for
the “Property Improvements” concepts were calculated using data from the FEMA Risk Mapping,
Assessment and Planning Program. Levee and floodwall costs were developed and compared to
West End Flood Mitigation Study cost for similar levee and/or floodwall systems.

It is noted that the costs provided are considered “construction costs”, which means the raw cost
of building conceptual solutions. The construction cost typically includes: general conditions,
overhead and profit, mobilization, demobilization, contractor’s bonds and insurance, and sub-
contractor’s markups.

The construction cost does not include non-construction costs. Non-construction costs would
include engineering design, permitting, construction engineering, land acquisition, risk
contingencies, and any associated financing costs. The costs provided in Appendix C do not
include non-construction costs. A typical assumption for non-construction cost is 20% to 50% of the
construction cost, depending on the scope, scale, and complexity of the given project.
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SECTION 9 - PRIORITIZATION OF PROBLEM AREAS AND PROJECTS
Upon completion of the technical analysis of all the problem areas, an objective method was
needed to assess the order in which the problem area and its proposed solutions should be
implemented.  An analysis like this is necessary to prioritize where available funding is most
needed, while also most efficiently used.  The chosen assessment system evaluates each problem
area or obstruction independently of the others.  This is more valuable than a ranking system which
lists the problems in order because it helps determine the amount of resources that should be
dedicated to addressing the existing problem areas and issues.  However, as with any prioritization
scheme, this assessment could not encompass all factors in the decision-making process and
should be considered as a guide for future planning efforts.

A set of criteria were developed to determine the priority of each problem area.  Criteria were
modified from a stormwater prioritization assessment completed in Montour County Pennsylvania
and were used to establish a system for prioritization (Montour, 2010).  Table 9.1 provides a list of
criteria that were used to assess each problem area and potential mitigation concept project.
Each problem/project was assigned a rating between 1 and 10 for each of the five criteria.  The
five criteria were equally weighted to calculate a single relative rating between 1 and 10 for each
problem.

Table 9.1 Problem Area/Project Prioritization Rating Criteria

Criteria Description Rating

Frequency of Existing Problem How frequent was the problem area issue
reported to occur? 1 to 10

Property and Public Impacts Does the problem area impact individual
properties or busy public spaces? 1 to 10

Problem Reduction How well does the mitigation concept
improve flooding/wet weather conditions? 1 to 10

Resiliency
How long will the proposed solution last

and/or how frequent does it require
maintenance?

1 to 10

Cost of Solution
Will the solution cost less than $250,000, more

than $250,000 but less than $1 million,
greater than $1 million to resolve?

1 to 10

Each of the problem areas and project concepts have been categorized in one of three
categories based on their composite score: 1) Highest Priority Problem, 2) Medium Priority Problem,
or 3) Lower Priority Problem.  A composite rating between of 7 and 10 would classify a problem
area or obstruction as a High Priority Problem.  A composite rating between 4 and 6.9 would
classify a problem area or obstruction as a Medium Problem, and a rating between 1 and 3.9
would be classified as a Lower Priority Problem.  Because each problem was evaluated
independetly, each municipality can use this assessment as the basis to develop their own
problem area prioritization list.

Problem areas that were categorized as High Priority Problems, based upon the criteria provided
in Table 9.1, have been analyzed in more detail. Figures 9.1 through 9.4, shown below, provide a
list of the problem areas by the respective study area along with the priority rating. The data
sheets in Appendix A for these problem areas include a more descriptive overview and a detailed
recommended solution(s). Figure 9.5 shows the composite rating for all of the reported problem
areas and obstructions throughout the entire Study area.
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Figure 9.1 Upper Fishing Creek Study Area Relative Problem Area Prioritization Rating

Figure 9.2 Middle Fishing Creek Study Area Relative Problem Area Prioritization Rating
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Figure 9.3 Little Fishing Creek Study Area Relative Problem Area Prioritization Rating

Figure 9.4 Hemlock Creek-Lower Fishing Creek Study Area Relative Problem Area Prioritization
Rating
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Figure 9.5 Fishing Creek Watershed Relative Problem Area Prioritization Rating
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SUMMARY

The problem areas within Fishing Creek Watershed in Columbia County defined within this study
varied spatially and in magnitude.  The prioritization system presented in this section was
developed to inform municipal officials about which projects may be most beneficial to address
first. It attempts to provide a technically sound prioritization system that carefully considers input
from the public officials and interest groups who participated in the study process.  Thus, any
County-wide or municipal capital improvement program may use the results to guide their next
steps.

For the municipalities outside of the Bloomsburg-Orangeville-Stillwater-Benton corridor of the
mainstem of Fishing Creek (Sugarloaf, Pine, Greenwood, Jackson, Millville, Madison), it may be
most prudent to fix each problem individually since there is not yet an identified dense pattern of
problem areas that are directly related to watershed initiatives. Appendix C provides conceptual
solutions to each of these problem areas.

Hemlock Creek and small tributaries to mainstem Fishing Creek in the Hemlock Creek-Lower Fishing
Creek Study Area have characteristics that indicate they are sensitive to development (e.g.,
several problem areas related to stream erosion) and they will have future development pressure.
Thus, for Sugarloaf, Pine, Greenwood, Jackson, and Madison Townships and Millville Borough,
solving individual problems now is a prudent approach; but reviewing and revising watershed and
floodplain policies may help prevent creating systemic, regional problems that are currently being
encountered by other municipalities.

Within the Hemlock Creek-Lower Fishing Creek, Middle Fishing Creek, and Upper Fishing Creek
Study areas, there are two distinct types of problem areas: 1) shallow channels and large
bedload movements and 2) floodplain encroachment.  The mainstem Fishing Creek Watershed
from Bloomsburg to Benton are impacted by development and agricultural land uses
encroaching on the floodplain and stream channel. These areas have all identified problems in
or near the creek and contribute flow downstream thus increasing the potential to exacerbate
existing problems as the creek flow moves downstream towards Scott Township, Mt. Pleasant
Township, the Town of Bloomsburg, Hemlock Township, and Montour Township. The mainstem of
Fishing Creek from Benton to Bloomsburg has 23 of the Watershed’s defined problem areas and 8
of them are designated as high priority problem areas. Appendix C has a more detailed
description of each specific problem area along with potential solution concepts.
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SECTION 10 - RECOMMENDATIONS AND EVALUATION OF PRIORITIZED
PROJECTS AND STRATEGIES
The Fishing Creek Watershed Flood Mitigation Study is a comprehensive effort to identify flooding
and wet weather issues within the Columbia County portion of the Fishing Creek Watershed and
to investigate the mitigation options available from the site to watershed scale.  This section
summarizes prioritized problem areas and the associated conceptual projects, recommends
areas and issues for further study, and summarizes the evaluation of prioritized options. The
recommendations in this section are intended to provide public officials with the information to
prioritize next steps for mitigating flooding conditions throughout Fishing Creek Watershed. An
expanded detail of High Priority Problem Areas and associated Project information is provided in
Table 10.6, at the end of this Section.

RECOMMENDED PROBLEM AREA PROJECTS AND STRATEGIES

The problem areas within Fishing Creek Watershed in Columbia County defined within this study
are varied spatially and magnitude.  The prioritization system presented in Section 9 was
developed by the project team considering technical analysis and engineering judgment of the
identified problem areas, with input from the public officials and interest groups who participated
in this study process.  Thus, any County-wide or municipal capital improvement program may use
these results to guide their scheduling and pursuit of funding. It is recommended to address the
Problem Areas that were categorized as High Priority Problems first, with the prioritization based
upon the criteria provided in Section 9. The High Priority Problems are summarized in Table 10.1,
with an expanded detail of High Priority Problem Areas and associated Project information is
provided in Table 10.6, at the end of this Section. The summary sheets in Appendix C for the
problem areas include a more descriptive overview and a more detailed recommended solution.
Tables 10.2 and 10.3 provide a list of Medium Priority Problems and Low Priority Problems
respectively. The problem areas in each table are sorted by the Study Area and Municipality.

It should be noted that attempting to solve each of these problem areas individually is only
prudent where there is not an identified systemic, regional problem that may be the root cause
of a specific problem.  Appendix C provides conceptual solutions for each of these Problem
Areas.

Table 10.1 High Priority Problem Areas

ID Municipality Location
Identified by
Municipality

/County

PennDOT
Related

UFC 3 Sugarloaf Township Central Road No Yes
BR40867

UFC 4 Sugarloaf Township Market Street No No

UFC 8/9 Benton Borough / Benton
Township

Benton Borough / Distillery Hill
Road bridge Yes

Yes
BR12543
BR12735

MFC 2 Stillwater Borough / Fishing
Creek Township Paperdale & Buck Road No Yes

MFC 4 Fishing Creek Township Ridge & Honeytown Road Yes Yes

MFC 6 Fishing Creek Township Winding & Harrison Road Yes Yes
BR12631

MFC 10 Orange Township Rohrsburg & Neyhart Road Yes Yes

MFC 15 Orange Township Mt. Pleasant Road Bridge
Stream Gauge Yes No

MFC 17 Orange Township Charmund Road & SR 487 Yes Yes
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ID Municipality Location
Identified by
Municipality

/County

PennDOT
Related

MFC 19 Orangeville Borough Mt. Pleasant Road Yes Yes
BR12744

MFC 20 Orangeville Borough Broad and Mill Street Yes No
LFC1 Jackson Township Pole Bridge Road Yes No
LFC2 Jackson Township Pole Bridge Road and SR 239 Yes Yes
LFC3 Jackson Township Green Creek Road Yes No
LFC4 Pine Township Peterman Road No No

LFC 7 Millville Borough West Main Street Bridge Yes Yes
BR12552

HC 7 Hemlock Township Orchard Drive Yes No

HC 13 Hemlock Township / Montour
Township Perry Avenue Bridge Yes No

Table 10.2 Medium Priority Problem Areas

ID Municipality Location

Identified
by

Municipality
/County

PennDOT
Related

UFC 1 Sugarloaf Township Central & Jamison City Yes No

UFC 10 Benton Township Rohrsburg & Maple Grove
Road Yes No

MFC 1 & 3 Stillwater Borough Lower Raven Creek Road &
Paperdale Road Yes Yes

BR12654

MFC 5 Fishing Creek Township Zaner Bridge Road No Yes
BR12639

MFC 9 Orange Township Moore's Grove Yes No
MFC 11 Orange Township Green Creek & Logging Road Yes No

MFC 12 Orange Township Green Creek Road Yes Yes
BR12725

MFC 14 & 16 Orange Township Mt. Pleasant Road Yes No
MFC 18 Orange Township Stony Brook Road & SR 487 Yes No
MFC 21 Greenwood Township Rohrsburg Road Yes No
LFC 5 Greenwood Township Mallard Road Yes No

LFC 6 Greenwood Township Iola Yes Yes
BR12728

HC 3 Mount Pleasant Township Back Branch & Millertown Road No No
HC 4 Mount Pleasant Township Back Branch Road No No
HC 6 Hemlock Township Peppermill and Buckhorn Road Yes Yes

HC 8 Hemlock Township Dahl Road Yes Yes
BR12715

HC 10 Hemlock Township Wanich Covered Bridge Yes No

HC 11 Hemlock Township Millville Road Yes Yes
BR45591

HC 12 Hemlock Township Ridge Road and SR 42 Yes No

HC 15 Town of Bloomsburg Hoffman Park Yes Yes
BR12713

HC 14/16 Hemlock Township / Town of
Bloomsburg Fernville Yes No

HC 18 Scott Township Lake Florence Yes No
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Table 10.3 Low Priority Problem Areas

ID Municipality Location
Identified by
Municipality

/County

PennDOT
Related

UFC 2 Sullivan County Elk Grove No No
UFC 5 Sugarloaf Township Central Road No No
UFC 6 Sugarloaf Township School House Drive No No
UFC 7 Sugarloaf Township Camp Lavigne Road No No
MFC 7 Fishing Creek Township Pealertown No No

MFC 8 Fishing Creek Township 2870 SR 487 Yes No

MFC 13 Orange Township Evans Lane Yes Yes
BR12595

HC 1 Mount Pleasant Township Robbins Road bridge Yes Yes
BR12720

HC 2 Scott Township / Mount
Pleasant Township Back Branch Road bridge Yes Yes

BR12711
HC 5 Mount Pleasant Township Millville & Millertown Road Yes No

HC 9 Hemlock Township Frosty Valley and Schoolhouse
Road Yes No

HC 17 Town of Bloomsburg Boone's Dam Yes No
HC 19 Montour Township Hock Road Bridge Yes No

As discussed in Section 3, damage in the flood prone area of Fishing Creek Watershed in Columbia
County accounts for substantial economic losses.  Further, as discussed in Sections 4 and 6,
adopting watershed and/or floodplain management principles and policies and following the
related recommendations in the Study may help prevent creating new/future site, systemic,
and/or regional problems, while potentially alleviating some of the flooding and wet weather
conditions when implemented comprehensively. The following are recommendations for
consideration of adjustments to watershed-based strategies (land use planning, land
conservation, and flood corridor management):

> Implementation of Existing County/Municipal Plans and Efforts for Flood Mitigation through:
- Prioritizing Columbia County’s Countywide Action Plan projects to mitigate both

water quality and flooding issues in Fishing Creek Watershed.
- Considering enhancement, expansion of the Fishing Creek Watershed early

warning system through further watershed monitoring.
> Improvements for Municipal Zoning through developing, instituting, and adopting zoning

or zoning amendments such as:
- Watershed Based Zoning, Overlay Zoning, Performance Zoning, Large Lot Zoning,

and Infill Community Redevelopment.
> Improvements for River Corridor Protection:

- Adopt and enforce floodplain ordinance throughout Watershed.
- Wider municipal participation in FEMA’s Community Rating System.
- Provide and encourage open space preservation.
- Floodproof or acquire/relocate flood prone buildings in floodplain.
- Implement watershed-wide drainage system maintenance practices.
- Review and incorporate River Corridor Planning Initiatives.
- Identify, map and protect fluvial erosion hazard zones.
- Adopt and enforce riparian buffers in land use ordinances.
- Support and encourage voluntary implementation of riparian buffers.
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> Improvements for Land Use through:
- Implementation protections for existing special value wetlands and encourage

expansion in areas where suitable.
- Encouraging green stormwater infrastructure for stormwater management.
- Limiting Impervious cover through ordinance modifications.
- Limiting disturbance and compaction of topsoil through erosion and sediment

control initiatives and support of the Countywide Action Plan.

RECOMMENDATIONS FOR FURTHER STUDY

The problem areas and issues identified as part of this Study resulted in the finding that the flooding
and wet weather issues are watershed wide and vary in scope and scale. Due to the complexity
of some issues and the scope limitations of this Study it is recommended that several problem
areas and Fishing Creek Watershed flooding issues be evaluated further. Table 10.4 is a summary
of the Problem Areas and issues recommended for further study.

Table 10.4 Fishing Creek Problem Areas and Issues to Consider for Further Study

ID(s) & Issues Municipality Summary of Further Study Considerations

UFC 1, 2, 3, &
5

Sugarloaf
Township /

Sullivan County

Direct coordination with Sullivan County on potential
solutions and/or land use management strategies to
alleviate/mitigate floodway encroachment and debris
buildup in creek corridor. Further study and engagement
with Sugarloaf Township and Sullivan County is
recommended.

UFC 8 & 9
Benton Borough

& Benton
Township

Solutions identified as part of this Study were considered
conceptual. Additional analysis of Benton area flooding
conditions should be considered to identify cost effective,
feasible, and community engaged solutions. Initial
outreach and discussion with Benton Borough
representatives indicated a desire to explore flood
protection measures similar to those provided as part of
the conceptual levee system evaluated and to further
explore property mitigation measures such as flood
buyouts and floodproofing. There is a desire to understand
how variations of these approaches would effect various
parts of the Borough and this requires additional
investigation and analysis. Further study and engagement
with the municipalities is recommended.

LFC 6 & 7
Greenwood
Township &

Millville Borough

Solutions identified as part of this Study were considered
conceptual. Additional analysis of Millville Borough and
Greenwood Township (Iola) flooding conditions should be
considered to identify cost effective, feasible, and
community engaged solutions. Further study and
engagement with municipalities is recommended.

MFC 1 & 3 Stillwater
Borough

Solutions identified as part of this Study were considered
conceptual. Additional analysis of Stillwater Borough
flooding conditions should be considered to identify cost
effective, feasible, and community engaged solutions.
Further study and engagement with municipality is
recommended.
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ID(s) & Issues Municipality Summary of Further Study Considerations

MFC 9, 13, 14,
& 16

Orange
Township

Solutions identified as part of this Study were considered
conceptual. Comprehensive analysis of Orange Township
flooding conditions at these Problem Areas should be
considered to identify cost effective, feasible, and
community engaged solutions. Further study and
engagement with municipality is recommended.

HC 3, 4, 15, &
18

Mount Pleasant
Township, Scott
Township, Town

of Bloomsburg, &
Hemlock
Township

Solutions identified as part of this Study were considered
conceptual. Comprehensive analysis of flooding
conditions at these Problem Areas should be considered
to identify cost effective, feasible, and community
engaged solutions. Further study and engagement with
municipalities is recommended.

HC 14/16
Hemlock

Township & Town
of Bloomsburg

The continuation of the West End Flood Mitigation Study is
recommended to evaluate and assess potential mitigation
measures.

CAP
Integration

Watershed /
County

The Columbia County Countywide Action Plan to achieve
the requirements of the Chesapeake Bay TMDL presents a
unique opportunity to implement projects that achieve
water quality solutions while potentially impacting flood
flows. This Study reviewed potential improvements to peak
flows from the proposed projects, but further study and
research on the impacts of agricultural conservation
measures could be performed to provide additional
justification and/or targeted implementation of
Countywide Action Plan projects.

FEMA
Floodplain

Watershed /
County

The floodplain identified by FEMA Flood Impact Study
analysis may misrepresent actual areas impacted by
flooding conditions, impacting ability of
residents/landowners to access flood insurance. Further
evaluation of areas that are not part of a detailed
FEMA FIS study area could assist
municipalities/residents/landowners. Additionally, further
understanding of the watershed flows could assist in
moving properties out of the floodplain, thereby reducing
the requirements for flood insurance.

Flood
Corridor

Protection

Watershed /
County

The County's Municipalities do not have consistent
floodplain management requirements: further evaluation
and enactment of measures for floodplain protection
areas could be considered based on the identification of
Problem Areas in this Study.

Stormwater
Management

Watershed /
County

The County's Municipalities do not have consistent
stormwater management requirements: further evaluation
and enactment of measures for increased stormwater
management and peak flow reductions could be
considered.
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ID(s) & Issues Municipality Summary of Further Study Considerations

Flood
Warning
System

Watershed /
County

The Fishing Creek Watershed Flood Assessment and
Mitigation Study and the West End Flood Mitigation Study
both identified further monitoring and assessment of Fishing
Creek Watershed streamflows as an enhancement to the
Flood assessment. Additional rainfall and streamflow
monitoring, even temporarily, within the watershed would
enhance the understanding of the hydrologic and
hydraulic functions of the watershed. Further monitoring
and revision of tools developed from these studies is
recommended to support the development of a flood
warning system.

EVALUATION OF PRIORITIZED PROJECTS AND STRATEGIES

For an evaluation of the prioritized Problem Areas, the high, medium, and low priority problem
areas were assessed in combination with the Countywide Action Plan (CAP) projects as discussed
in Section 7. This assessment represents a comprehensive evaluation of flood mitigation concepts.
If each combination of prioritized projects were implemented along with the CAP watershed
strategies, peak flows could potentially be reduced, through increases in riparian buffers and
wider adoption of cover crops and agricultural stormwater management. Appendix D provides
detailed summary of the results. Table 10.5 provides a summary of the results of the evaluation of
all problem area projects and watershed strategies at select locations in the watershed.

Table 10.5 Event Summary of All Priority Problem Area Projects with CAP Implementation

Event Change in Water Surface Elevation in Channel Change in Flow Rate

2 Year Decrease on average < 3 inches
Max Decrease >6 inches at Hoffman Park

Decrease on average 1-2%
Max Decrease >20% at Hemlock

Creek – Perry Ave. Bridge

10 Year
Decrease on average < 3 inches

Max Decreases >6 inches at Hoffman Park,
Millville, and Benton Borough (with dam removal)

Decrease on average 1%
Max Decrease >20% at Hemlock

Creek – Perry Ave. Bridge

100 Year

Decrease on average < 3 inches
Max Decreases >12 inches at Hoffman Park,

Millville, Stillwater (with covered bridge removal),
and Benton Borough (with dam removal)

Decrease on average <1%
Max Decrease >20% at Hemlock

Creek – Perry Ave. Bridge

Implementation of the recommended Study projects to address Problem Areas is likely a several
year or decade long process. These results are summarized to provide a summary of the potential
flood mitigation measures at the full watershed scale. The majority of Problem Areas identified are
best addressed through site specific mitigation that protect or enhance site or area’s ability to
deal with flooding conditions. Further, the evaluation of CAP related projects is considered
conservative and likely understates the benefits of implementing CAP related projects such as
cover crops, riparian buffers, and invasive species management. Additional study and evaluation
of the flood reduction benefits of these land conservation measures could provide further
justification to promote and target their implementation in Fishing Creek Watershed.
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Table 10.6 Fishing Creek Watershed Flood Study High Priority Projects Summary

Project Name Project Scope/Improvement(s) Projected Construction Cost
(unless otherwise noted)

Impacts Municipality State/County
Identifier

UFC-3: Elk Grove Area Flooding Culvert and Bridge Replacement $1.4 to 2.6 million 20+ properties, 450 vehicles per day Sugarloaf Twp. SR4049 & PA BR 40867
UFC-4: Jamison City Road Flooding Bridge Replacement, Floodplain

Improvements
$2 to 3.5 million 15 properties, 450 vehicles per day Sugarloaf Twp. County Bridge #157

UFC-8: Benton Area Flooding Detailed Flood Study
Flood Protection and/or Dam Removal

$500,000 (study)
$2 to 50 million (flood mitigation measures)

150 +/- properties including Benton Area
Schools, 5,300 vehicles per day

Benton Twp. &
Benton Boro.

PA BR 12735, PA BR
12543, Benton BR3

MFC-2: Paperdale Road Flooding Culvert Replacement, Stream Stabilization $50,000 to 100,000 3 properties, 50 vehicles per day Fishing Creek Twp.
MFC-4: Honeytown Road Flooding Culvert Replacements, Riparian Buffer,

and Stream Stabilization
$100,000 to 200,000 4 properties, 350 vehicles per day Fishing Creek Twp. SR1025 (Honeytown

Rd) at Ridge Rd.
MFC-10: Neyhart Road Flooding Culvert Replacement $70,000 to 130,000 3 properties, 1,500 vehicles per day Orange Twp. SR4041 (Rohrsburg

Rd.) at Neyhart Rd.
MFC-17: Charmund Rd./SR0487

Flooding
Culvert Installation or Replacement, Fill

Removal
$800,000 to 1.6 million 4 properties, 6,000 vehicles per day Orange Twp. SR0487 at Charmund

Rd.
MFC-19: Orangeville-Mt Pleasant

Rd. Flooding
Culvert Replacement, Riparian Buffer $150,000 to 280,000 4 properties, 700 vehicles per day Orangeville Boro. PA BR 12744

MFC-20: Orangeville-Broad St.
Flooding

Culvert Replacement, Riparian Buffer $140,000 to 270,000 2 properties, 6,000 vehicles per day Orangeville Boro. Adjacent to SR0487

LFC-1: Pole Bridge Rd. Culvert Replacement $70,000 to 120,000 2 properties, 50 vehicles per day Orangeville Boro.
LFC-2: Orchard Road Culvert Culvert Replacement, Road Reprofiling $180,000 to 320,000 3 properties, 500 vehicles per day Jackson Twp. SR0239 & Pole Bridge

Rd
LFC-3: Green Creek Road Flooding Culvert Replacement $30,000 to 60,000 2 properties, 100 vehicles per day Jackson Twp.

LFC-4: Peterman Road Flooding Culvert Replacement, Road Reprofiling,
Road Reprofiling

$196,000 to 390,000 2 properties, 50 vehicles per day Jackson Twp.

LFC-7: Main Street Bridge Bridge Replacement, Floodplain
improvements

$2.4 to 4.45 million 5 properties, 2,900 vehicles per day Pine Twp. PA BR 12552

HC-6: Peppermill Road Flooding Culvert Replacement, Riparian Buffer $300,000 to 600,000 2 properties, 1,000 vehicles per day Hemlock Twp. SR4012 (Peppermill
Road) at SR0044

HC-7: Orchard Drive Flooding Culvert Replacement, Riparian Buffer $100,000 to 200,000 2 properties, 800 vehicles per day Hemlock Twp.
HC-13: Perry Avenue Bridge Bridge Removal or Replacement,

Floodplain Improvements
$1.3 to 2.5 million County building, 3 properties,

450 vehicles per day
Hemlock Twp. &

Montour Twp.
PA BR 23856

HC-15: Hoffman Park
Erosion/Flooding

Stream Stabilization, Floodplain
Reconnection, Bridge Replacement

$400,000 to 9.3 million Public park, 3+ properties, up to 5,300 vehicles Town of Bloomsburg &
Mt. Pleasant Township

PA BR 12713

Chesapeake Bay TMDL
Countywide Action Plan  (CAP)

Implementation

Agricultural Best Management Practices,
Stream Restoration, Stream Buffers

$50+/- million Agricultural areas are watershed-wide;
CAP projects improve stormwater

management locally and provide cumulative
benefits to downstream properties

Watershed-wide

USGS Stream Gauge Maintenance Continue USGS gauges, supplement with
additional gauges downstream (Railroad

St.) and on Little Fishing Creek (Millville)

$35,000 (gauge installation);
$10,000 to 30,000 (gauge maintenance annually)

~2,000+/- structures in high hazard areas within
watershed

Flood warning reduces losses by up to 30%;
USGS gauges support that through improved

watershed hydrology/hydraulic understanding

Orange Twp. (existing);
Town of Bloomsburg

and Millville Boro.
(potential new sites)
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APPENDIX A – WATERSHED TECHNICAL DATA AND MAPS
An overview of the process that was used to complete the watershed description is presented in
Section 3 – Watershed Description of this report.  The following technical data and maps are
included here to supplement the general information provided in that section.

SUMMARY MAPS AND TECHNICAL DATA

MUNICIPALITY MAPS
Benton Borough

Benton Township

Town of Bloomsburg

Fishing Creek Township

Greenwood Township

Hemlock Township

Jackson Township

Madison Township

Millville Borough

Montour Township

Mount Pleasant Township

North Centre Township

Orange Township

Orangeville Borough

Pine Township

Scott Township

Stillwater Borough

Sugarloaf Township

TECHNICAL DATA MAPS
Aerial

Major Roadways

Geology

Soils

Hillshade (Slopes)

Land Use

FEMA Floodplains
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